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ABSTRACT 
A large body of research links testosterone and cortisol responses to competition during 
adulthood. Little psychoneuroendocrine research has explored salivary steroid hormone 
responses to competition during middle childhood. This project investigated the relationship 
between acute salivary steroid hormone change, performance, competitor type, and outcome 
effects in three different field studies, while controlling for Body Mass Index (BMI) and pubertal 
development, in a population of ethnically Chinese, Hong Kong juvenile children, 8-11 years of 
age. The relative dynamics of salivary steroid change were assessed during a 1) coalitional 
physical competition (soccer) in boys, 2) a non-physical mixed-sex coalitional competition (math 
contest), and 3) a dyadic, semi-physical competition (table-tennis) in boys. Results revealed that 
testosterone and estrogen were generally low and unmeasurable. The majority of boys 
experienced increases in dehydroepiandrosterone (DHEA) during both the soccer match and 
intra-squad soccer competitions only. DHEA and androstenedione change were related to 
performance during the math competition in both sexes. Androstenedione increased for the 
majority of boys during the soccer match competition only, where boys competed against 
unfamiliar competitors. This finding is consistent with previous research among a sample of boy 
soccer players in the U.S.A., suggesting that androstenedione may be sensitive to out-group 
competition. Cortisol increased during out-group competition only during the soccer competition 
study and cortisol and cortisol/DHEA molar ratio consistently decreased during competition 
involving peers during the math and table-tennis studies. Lastly, exploratory analysis revealed 
consistent correlational relationships emerged between pre-match adrenal hormones and adrenal 
hormone changes across all three studies. These data highlight how steroid hormone responses to 
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competition differ in juvenile children when compared to adults participating in similar forms of 
physical and non-physical competition. Findings also reveal context-dependent factors, such as 
type of competition, performance, and competitor type that influence hypothalamic-pituitary-
adrenal (HPA) axis activity. These studies underscore the importance of taking a cross-cultural, 
mixed-age, and mixed-sex approach to provide a broader understanding of HPA axis activity that 
likely reflects an adaptive, developmentally specific, physiological response to social 
competition across variable contexts in preparation for adulthood.   
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CHAPTER 1: INTRODUCTION 
 1.1. Overview 
Competition is a major driver of evolutionary change that results in adaptation of an 
organism to a particular ecological niche. Inter- and intra-group competition ultimately shapes 
behavioral strategies, where physiological responses are inescapably linked. On the basis of life 
history theory, the delayed reproductive maturity represented by an extended period of juvenile 
development in humans is hypothesized to represent a critical stage for learning cultural, social, 
and ecological skills that help prepare the child for the adult socio-competitive environment (e.g., 
Del Giudice et al. 2009; Flinn et al. 2012; Meehan and Crittenden 2016). However, the extent to 
which the hypothalamic-pituitary-adrenal (HPA) axis is refined during this critical 
developmental period and is sensitive to socio-competitive contexts, such as coalitional and 
dyadic physical competition or non-physical competition during middle childhood, prior to 
gonadarche, remains unclear and poorly studied.  
Human juvenility is characterized by adrenarche (Figure 1.1), a punctuated rise in 
circulating adrenal androgens, such as dehydroepiandrosterone (DHEA) and androstenedione, a 
unique endocrinological phenomenon shared with closely related great apes, and possibly some 
old-world monkeys, such as rhesus macaques (Behringer et al. 2012; Bernstein et al. 2012; 
Bernstein 2017; Conley et al. 2011; Prall et al. 2015). While the function of adrenarche remains 
poorly understood, evidence suggests it may serve an underappreciated role in facilitating 
developmental plasticity related to neural development and socialization (Campbell 2011). Thus, 
in order to better understand the full range of life history tradeoffs in humans, it is imperative to 
identify how selection pressures shaped physiological and behavioral responses to culturally 
salient competitive settings during middle childhood (usually defined as ages 6 – 12).  
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The aim of this doctoral dissertation research is to investigate acute salivary steroid 
hormone responses to physically taxing and non-physical coalitional competition (greater than 3 
players per team) and a moderately-physical dyadic competition among a population of 
ethnically Chinese, juvenile children in Hong Kong. This population was selected in order to 
extend the cross-cultural scope of my previous work on juvenile competition and hormone 
change among a small sample of boys in the U.S.A. to include an underrepresented, non-
Western, urban populations of children (McHale et al. 2016). Further, Hong Kong represents a 
unique cultural milieu whereby academic achievement and competition is highly valued and 
pervasive early on in a child’s social development (Ingham 2007). Independent variables, such as 
competitor type, age, wins and losses (outcome), team and individual performance, and degree of 
competitive match are also investigated as potential moderating variables related to the 
magnitude and direction of steroid hormone change, while controlling for Body Mass Index 
(BMI) and pubertal development. These data provide novel insight into the proximate 
mechanisms that are associated with competition during middle childhood and provide 
foundational insight into the extent by which contextual factors influence acute salivary steroid 
hormone change during this seminal life history stage.  
The following three chapters detail each independent study that was conducted from 
August 2016 – December 2016 in Sha Tin and Tai Po districts in Hong Kong. Before and after 
saliva samples were collected to evaluate HPA axis activity in juvenile participants. 
Testosterone, DHEA, androstenedione, and cortisol were analyzed during a 1) soccer match and 
intra-squad soccer scrimmage, 2) mixed-sex team math competition, and during 3) table-tennis 
exhibitions. Cortisol/DHEA molar ratio was also assessed as alternative measure of overall HPA 
axis activity in each of the three studies. Estradiol was also measured in girls during the math 
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competition study. The interpretation of these cumulative data give consideration to physical 
exertion and cognitive appraisal effects related to competition type and individual and team 
performance that likely effect acute HPA axis activity in children, 8 – 11 years of age. 
Additionally, these data provide evidence that DHEA and androstenedione may serve distinct 
functional roles related to social competition that differs in juveniles when compared to acute 
steroid hormone responses of adults when faced with similar forms of athletic and non-athletic 
competition. These studies were designed in an effort to provide a nuanced approach to assess 
HPA axis activity during differing competitive contexts to tease apart potential functional roles 
of adrenal hormones as they are related to behavior and psychosocial variables across juvenility. 
Girl competitors were also included in the math competition study in an attempt to provide a 
mixed-sex methodological approach for understanding behavioral endocrinology in juvenile 
children more broadly. Girls are competitive in their own right and warrant further hormone and 
behavioral investigations in the context of competition. These three complementary research 
designs will help contribute to a large gap in the behavioral endocrinology and childhood 
development literature regarding salivary steroid hormones functions and interactions to better 
understand overall HPA axis activity as it relates to adrenarche.  
Chapter 2 tested whether physical, coalitional, male-male competition (soccer), and in-
group and out-group competition in juvenile boys are related to acute changes in salivary steroid 
hormones: testosterone, DHEA, androstenedione, and cortisol. This domain of behavior has been 
theorized to be highly relevant to most mammalian and human male reproductive strategies in 
adulthood (Flinn et al. 2012; Geary 2000). Cross-cultural data from over 50 societies identified 
that men and boys participate more often in sports and monitor sports more closely when 
compared to women or girls (Deaner & Smith 2013). Thus, boys are presumed to be more 
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attracted to and oriented towards participating in coalitional physical forms of competition 
(sports) from early on in a child’s development. Chapter 3 examined acute testosterone, estradiol, 
DHEA, androstenedione, and cortisol changes in boy and girls during a mixed-sex math 
competition. Mixed-sex play groups more closely resemble ancestral living conditions in which 
children routinely developed and were socialized for the majority of our species’ existence 
(Crittenden 2016; Gray 2015; Konner 2010). Further, non-physical competition is more 
indicative of actual social competition. This non-physical competitive design allowed us to 
control for potential confounds related to physical exertion effects and test whether steroid 
hormones were sensitive to non-physical, cognitively stressful, academic team competitions. 
This methodological approach benefited from having both boys and girls engaged in competition 
simultaneously, which is a novel competitive paradigm, and thus allowed for between-sex 
physiological comparisons to be made. Chapter 4 measured steroid hormone changes in table-
tennis athletes engaged in dyadic, male-male competition under moderately-physically taxing 
conditions. Exploring dyadic competition effects on steroid hormone change among boys aid our 
understanding into potential parallels and differences in physiological responses to individual 
and coalitional forms of competition during middle childhood. Examining salivary steroid 
hormone changes across these three experimental treatments contributes to a broader 
consideration for factors which may underpin acute HPA axis responses to variable physical and 
non-physical competitive stressors.  
Lastly, a concluding chapter summarizes and synthesizes these data, examines the role of 
differing forms of competition, competitor type, and psychosocial independent variables that 
contribute to HPA activity in juvenile children under naturalistic competitive settings. These 
findings are intended to advance our current knowledge of the ontogeny of social competition 
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from a behavioral endocrinological and life history perspective. Cumulatively, these data 
provided support for our hypotheses: testosterone and estradiol concentrations remain low, likely 
representing a reduced role in mediating competitive social behaviors prior to onset of puberty, 
while juveniles experienced different patterned salivary steroid hormone responses during 
competition in comparison to adults. Assessment of HPA axis activity of DHEA, 
androstenedione, and cortisol during competition add further insight into the pleiotropic effects 
of adrenal hormones as they are associated with competitive behavior and may relate to 
functional roles specific to the juvenile life history stage. Novel correlational relationships 
among competition-induced DHEA change, androstenedione change, and cortisol change 
consistently emerged across all three studies, raising new areas of exploration regarding overall 
HPA axis activity as best understood across several indices of bioactivity of the adrenal gland. A 
picture is emerging that supports the view that adrenal hormones likely mediate appropriate 
behavioral and physiological responses in the context of differing competitive contexts as an 
adaptive response to social challenges when primary sex steroids, such as testosterone in boys 
and estradiol in girls, are low. These findings are situated within a broad evolutionary framework 
and further examined in light of several independent variables that were found to be associated 
with adrenal hormone changes. Future directions and methodological considerations are 
discussed.   
 
1.2. Theoretical Background 
1.2.1. Life History Theory and Adrenarche 
For all organisms, natural selection favors life history trade-offs that optimize the 
allocation of scarce energetic resources between somatic effort (i.e., growth, development, body 
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maintenance, immune function, and learning) and reproduction (i.e., mating effort and 
parenting), with hormones often mediating the distribution of energetic demands (Del Giudice et 
al. 2009). Compared to our closest living cousins, the great apes, and other mammals in general, 
modern human life-histories exhibit a combination of several unique traits: long gestation, early 
weaning, altrical young, large brains, slow maturation rates, long life span, and protracted 
periods of juvenile development (reviewed in Walker et al. 2006; Del Giudice et al. 2015; 
Thompson & Nelson 2011).  
Life history theory seeks to understand how we allocate these energetic trade-offs over 
the life course of an organism. The delayed reproductive maturity represented by an extended 
period of juvenile development in humans is predicted to be important for learning cultural, 
social, and ecological skills that help prepare the child for the adult socio-competitive 
environment (Flinn et al. 2011). In this view, the social environment is considered the primary 
driver promoting a protracted juvenile period of development (Flinn et al. 2005). However, there 
remains considerable debate as to the precise adaptive benefits a delayed juvenile period would 
afford individuals. Several competing theories have been put forth to account for this unique 
feature of human life history but no one consensus has emerged. Charnov (1993) contends the 
timing of the prolonged human juvenile period is just as expected given the constant relationship 
between a long adult lifespan and the delay of sexual maturity. The embodied capital hypothesis 
provides an alternative explanation and maintains that an extended childhood provides additional 
time to acquire information to solve ecological problems that would have fitness payoffs later on 
by enhancing adult foraging abilities (Kaplan et al. 2000). A complementary approach to 
Kaplan’s (2000) hypothesis suggests that a delayed juvenile period was selected for in order to 
provide additional time to refine social cognitive and psychological competencies that are 
 
7 
required in order to manage social relationships and attend to social norms that enhance 
cooperation (e.g., Flinn et al. 2005). In this view, the social environment was the primary driver 
promoting a protracted juvenile period of development. Kuzawa et al. (2014) tested a 
complementary hypothesis that high energetic cost associated with human brain development is 
largely responsible for delayed childhood growth in juveniles and promoted an extended 
childhood. They found supporting evidence that brain glucose demands don't peak at birth, 
which has been previously assumed, but rather reach maximal glucose update in both absolute 
and relative metabolic budgetary terms, during middle childhood. Further, a strong inverse 
relationship between body-weight growth rate and the brain’s glucose uptake was identified. 
Their results add to ongoing discussions regarding unique human life-histories and offer support 
that brain development is sufficiently costly during childhood development to require delays in 
body growth, thus helping explain a protracted period of juvenility and growth rate. However, 
even within these latter evolutionary frameworks there remains considerable debate as to the 
precise adaptive benefits a delayed juvenile period would afford individuals.  
The human juvenile transition occurs on average between 6 – 7 years of age and 
coincides with the onset of adrenarche, the pre-pubertal increase in adrenal androgen secretion of 
DHEA and its metabolite androstenedione, steroids known to exert weak androgenic activity and 
that continue to rise through the mid-20’s (Campbell 2011; Mouritsen 2013). This phenomenon 
is shared with closely related great apes, and possibly some old-world monkeys, such as rhesus 
macaques (Behringer et al. 2012; Bernstein et al. 2012; Bernstein 2017; Conley et al. 2011; Prall 
et al. 2015). Yet, from a life history theory and functional perspective, many questions remain 
unexplored as to why the juvenile transition coincides with this unique endocrinological event. 
The role of adrenal androgens during juvenile development has become the subject of intense 
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debate in the human and non-human primate literature (Campbell, 2006; Prall et al., 2015). 
Several authors have speculated that adrenarche may serve multiple psychological functions that 
positively impact neural development, behavior, and social cognitive development (e.g., 
Campbell 2006; Crespi 2011; Del Giudice et al. 2009; Flinn et al. 2011), while other 
evolutionary theorists have explored life-history associations with growth, adrenal maturation, 
and mucosal immunity across the lifespan (Hodges-Simeon et al. 2017). However, the proximate 
functional significance of adrenarche remains largely unexplored, with that research typically 
limited to measures of baseline hormone concentrations only.  
Until recently, the importance of a juvenile period of development has traditionally 
received less attention compared to early childhood, adolescence, or adulthood (Del Giudice et 
al. 2009; Geary et al. 2003). In biological terms, juvenility coincides with the growth stage in 
which an individual is still sexually immature, exhibits greater independence, and no longer 
relies entirely on their parental support unit for survival (e.g., Konner 2010). In humans, this 
stage typically spans approximately 7 to 12 years, coincides with the onset of adrenarche, and is 
commonly referred to as middle childhood (e.g., Bogin 2002; Campbell 2011). A key feature of 
modern humans is that they exhibit an unusually long juvenile period of growth and development 
that is distinct from closely related primates and similar-sized mammals (Thompson & Nelson 
2011).  
Today, many male-specific traits are thought to be retained in humans as byproducts of 
male-male competition and sexual selection pressures arising from ancestral environments 
(McDonald et al. 2012). In comparison to females, males typically exhibit heightened 
competitive drive, possess greater physical prowess and musculature (i.e., sexual dimorphism), 
and have a greater tendency to spontaneously organize in large same-sex groups and form 
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dominance hierarchies (e.g., Benenson 2014, Geary 2010; Konner 2010; Rose & Rudolph 2006). 
The cross-cultural literature on childhood development has identified that the juvenile period is 
characterized by the emergence and intensification of behavioral sex differences (e.g., Benenson 
et al. 2002; Geary et al. 2003, Pellegrini et al. 2007; Whiting & Edwards 1973). For example, on 
average across foraging and industrial societies, boys are more likely to engage in higher rates of 
rough-and-tumble play and spontaneously organize into large same-sex play groups, while girls 
exhibit a preference for play parenting and dyadic social relationships (e.g., Fry 2014; Geary 
2010; LaFreniere 2011; Whiting & Edwards 1973). In addition, research has shown that in other 
domains women are equally competitive to men when it comes to academic achievement, status, 
and financial success (e.g., Cashdan, 1998). One interpretation of these findings is that 
behavioral sex differences emerge early in life and parallel adult behavioral sex differences in 
order to practice and prepare for the socio-competitive world one expects to face in adulthood. In 
this view, juvenility is predicted to set the stage for the ontogeny of complex social competencies 
that in turn promote complex cooperation and children attending to culturally salient, meaningful 
activities, that likely will likely have downstream fitness consequences in adulthood.  
 
1.2.2. Steroid Hormone Responses during Competition in Animal and Human Models  
Competition is a driving force of evolutionary change that results in adaptation of an 
organism to its ecological niche. Inter- and intra-group competition for resources, survival, 
status, and mating opportunities ultimately shape behavioral strategies, where physiological 
responses are inescapably linked. Comparative analyses support the view that steroid hormone 
mechanisms likely reflect adaptive, sex-specific, and context-dependent physiological responses 
to competitive environments that predictably vary across the life course of an organism (e.g., 
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Archer 1988; Archer 2006). After a century of research investigating the relationship between 
competition, aggression, androgenic hormones like testosterone, across animal and human 
populations, it is now widely accepted that many of the underlying mechanisms modulating 
competitive behavior and acute testosterone rise are highly conserved across vertebrate species, 
including primates, birds, and humans (e.g., de Almeida et al., 2015; Muller et al., 2004; 
Wingfield et al. 1990). Moreover, field and lab endocrine studies on competitive and aggressive 
behaviors across taxa have shown steroid hormones are often modified in response to contextual 
factors: life history stage, social information, and reproductive contexts, such as breeding and 
non-breeding seasons (Trainor & Nelson 2012). Despite these robust findings, the 
overwhelmingly majority of human competition and hormone research has been limited to adult 
males, with much less work on females, and even fewer published studies investigating steroid 
hormone responses to competition during middle childhood (e.g., Casto & Edwards 2016a; 
Kamin & Kertes 2017).   
The adrenal gland produces several classes of steroids that have been implicated in the 
control of aggressive behavior across avian and mammalian species: glucocorticoids (e.g. 
cortisol), androgens (e.g., DHEA, androstenedione), and progestins (Soma et al. 2008). Although 
findings linking salivary and plasma steroids to behavior are not always consistent, emergent 
patterns suggest a relationship between acute steroid hormone activation, male-male aggression, 
competition, and dominance, across a wide variety of taxa (Pradhan et al. 2010; Soma et al. 
2008; Wingfield et al. 1990), including non-human primates (Muller & Wrangham 2004), and in 
humans (Edwards et al. 2006; Flinn et al. 2012; Gatti & Palo 2011; Lennartsson et al. 2012; 
Marceau et al. 2014; Salvador 2005; Trumble et al. 2012). Comparative analyses support the 
view that steroid hormone mechanisms have been conserved across many vertebrates and reflect 
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adaptive, sex-specific, and context-dependent physiological responses to competitive 
environments, that predictably vary across the life course of an organism (Archer 1988; Archer 
2006). For example, across many monogamous avian species and in many mammals, a causal 
link between acute testosterone rise and aggression has been found to be most strongly 
associated with young adult males, at times in which competition for mating opportunities is 
most salient (Archer 1988; Wingfield et al. 1990). However, gonadal steroids, such as 
testosterone, are not always responsible for the activation of aggressive behavior, such as the 
case in Siberian hamsters (Scotti et al. 2008), where DHEA and androstenedione have been 
hypothesized to serve a mediating role, yet this early work still provides clear support that 
gonadal testosterone can interact with the brain to influence male specific behavior.  
 More recently it was discovered that the brain can also metabolize testosterone 
independently of the gonads, and is capable of metabolizing precursor hormones centrally, such 
as DHEA and androstenedione, in response to aggressive encounters (Maninger et al. 2009; 
Soma et al. 2008). Such alternative mechanisms of hormone action are of particular relevant to 
male song sparrows during the non-breeding season that still require regulation of territorial 
aggression (Pradhan et al. 2010). Research has found male song sparrows exhibit neuroendocrine 
shifts in baseline steroid hormones levels and acute reactive effects fluctuate annually across the 
breeding and non-breeding seasons (Pradhan et al. 2010; Wingfield et al. 1990). In particular, 
baseline testosterone levels are high and acutely increase in response to territorial aggression 
throughout the breeding season. However, during the non-breeding season testosterone levels 
plummet and the gonads become regressed, while territorial aggression still remains high. 
Seasonal studies found that neural DHEA levels are highest during the non-breeding seasons. In 
addition, researchers discovered that DHEA and androstenedione exhibit a larger acute rise 
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during the non-breeding season in comparison to the breeding season, such that after bouts of 
territorial aggression, local release (i.e., brain) of DHEA and androstenedione increased in the 
telencephalon, an area of the brain that is homologous to the middle amygdala in humans, an 
area known to regulate aggression, while testosterone levels remained low and unresponsive 
(Pradhan et al. 2010). Taken together, these data provide support that male song sparrows exhibit 
a shift in neuroendocrine mechanisms responsible for regulating aggression and reproductive 
effort that most likely reflect adaptive life history tradeoffs (Pradhan et al. 2010). By adjusting 
baseline and acute steroid hormone release in response to seasonal reproductive demands, male 
song sparrows demonstrate behavioral and physiological flexibility while avoiding metabolic and 
fitness costs associated with immunosuppressive effects (i.e., down regulation) of maintaining 
chronically high levels of testosterone (Hau 2007; Muehlenbein & Bribiescas 2005; Schroderus 
et al. 2010).  
Despite birds and humans representing a distant phylogenetic relationship, similar energy 
efficient physiological mechanisms may have evolved across taxa as a consequence of life 
history tradeoffs during non-reproductive states due to convergent evolutionary processes. 
Organisms should predictably limit testosterone (and estrogen for females) expression to the 
times it is most advantageous, such as when individuals are sexually mature and sexual partners 
are present (Muehlenbein 2006; Wingfield et al. 2001). These findings raise several key 
questions concerning human life history development in children and the underlying key 
components modulating neuroendocrine responses to social competition prior to pubertal 
maturation.  
Most behavioral endocrinology research investigating the relationship between 
competition and steroid hormone activation in humans has been limited to adult males and is 
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specific to testosterone and cortisol reactive effects. Evidence has shown these two hormones are 
capable of rapid changes in response to physically taxing team (e.g., soccer: Edwards et al. 2006; 
Trumble et al. 2012) and individual sport competitions (e.g., wrestling: Elias 1981; judo: 
Parmigiani et al. 2006; Suay et al. 1999), as well as non-physical, dyadic, psychosocial 
competitions (e.g., dominos; Flinn et al. 2012, chess; Mazur et al. 1992; video game tournament: 
Oxford 2010). Collectively, support of acute rises in steroid hormones may reflect an adaptive 
mediated response designed to efficiently allocate limited energetic resources to regulate 
aggression, enhance physical performance (i.e., muscles), and facilitate competitive behavior 
during antagonistic interactions in a wide array of environmental contexts (Archer 1988; 
Trumble 2012; Salvador 2005; Wingfield et al. 1990). In addition, physical exertion has been 
shown to induce acute testosterone increases across industrial and indigenous cultural contexts 
(e.g., Cummings et al. 1986; Trumble et al. 2013a). This response is presumed to provide 
systemic benefits to peripheral tissue in order to enhance muscle performance at times when the 
body is undergoing physical stress (Tsai & Sapolsky 1996). 
Numerous studies have attempted to investigate the degree to which acute male steroid 
hormone release corresponds with variable competitive contexts in adults and adolescents (Flinn 
et al. 2012; Gatti & Palo 2011; Salvador 2005; Suay et al. 1999; Trumble et al. 2012), with that 
work frequently relying upon male-male athletic competition (e.g., individual or team sports 
participation) as a naturalistic competitive paradigm. This research has demonstrated acute rises 
in steroid hormones are often moderated by several underlying psychosocial factors: an 
individual’s perceived performance, the type of competitors involved in the contest (e.g., in-
group versus out-group competitors), sex-ratio, the outcome of the contest (e.g., victory or 
defeat), and the nature of the competition, such as physical or psychosocial (Flinn et al. 2012; 
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Miller et al. 2012; Oliveira & Oliveira 2014). Anticipatory increases in baseline levels of 
testosterone and cortisol on the day of the match have also been readily observed (e.g., Filaire et 
al. 2009; Suay et al. 1999). These data suggest that in addition to the systemic benefits to 
peripheral tissue likely driving acute steroid hormone rise, adult males may have additionally 
evolved cognitive sensitivities to socially competitive cues that moderate acute steroid hormone 
changes. Such predispositions would predictably have a stronger selection bias favoring males, 
who are thought to have been subject to more intense forms of intra- and inter-group male-male 
physical competition in ancestral environments (McDonald et al. 2012).  
There is additional evidence that support the view that an opponent’s cognitive appraisal 
of a competitive challenge also serves as a key component that modulates steroid hormone 
responses (Salvador et al. 2005; Oliveira & Oliveira 2014). According to this perspective, 
cognitive appraisal in human competition concerning the outcome and social context is required 
to stimulate acute steroid hormone response. In other words, expression of aggression alone is 
not sufficient to activate steroid hormone rise, but rather, an individual must be emotionally 
invested and have something to win/lose during a meaningful competitive contest to induce 
hormone activation.  
A few studies have focused on 10-year old boy’s testosterone and cortisol responses to 
intense physical activity (Niemann et al. 2013) and psychosocial stress (e.g., Hankin et al. 2010). 
For example, public speaking in a psychology lab among 9-12-year olds influenced cortisol 
release (Yim et al. 2010), with some work indicating boys in Dominica exhibit transient changes 
in cortisol in response to playing sports, such as cricket (e.g., Flinn & England 1995). Only one 
study to date has been published on girl’s, aged 10 – 11 years, cortisol increases during athletic 
competition among a small sample (N = 12) of basketball players (Mazdarani et al., 2016). 
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Additionally, research has shown juveniles are capable of an acute rise in DHEA during stressful 
situations (Izawa et al. 2008; Lennartsson et al. 2012; Shirtcliff et al. 2007). Traditionally, 
DHEA and androstenedione have received little attention as important regulatory steroid 
hormones in the context of childhood social development or during competition. However, there 
is compelling evidence to suggest DHEA plays an important role in regulating the psychological 
stress response during pre-adolescents, 9-14 year olds (Charney 2004; Izawa et al. 2008; 
Kudielka 2004; Marceau et al. 2014) and that DHEA and androstenedione are capable of acutely 
rising during bouts of intense physical competition in juvenile boy soccer players (McHale et al. 
2016). Little research has examined the relationship between pre-pubescent human juvenile 
aggression and baseline salivary steroid hormones (e.g., Azurmendi et al. 2016), with even less 
work exploring acute reactive effects of steroid hormones during different types of competition 
(Kamin & Kertes 2017; McHale et al. 2016). There remains a large gap in answering several 
basic questions regarding HPA axis activity during middle childhood. 1) How are psychosocial 
and physical stressors related to elevation in adrenal hormones, 2) what are the causes and 
consequences of acute rises or decreases and what are their relationships with behavior, and 3) 
are DHEA, androstenedione, and cortisol interactions important for HPA axis regulation? DHEA 
and cortisol synchronous release has been shown to be important during adolescence and 
adulthood but it remains unclear if juveniles exhibit similar patterned responses to stressors at a 
time when DHEA production is low (Kamin & Kertes 2017). 
During juvenile development, the adrenal glands are solely responsible for producing 
testosterone in low concentrations (Nelson 2005). In the adult male hormones and competition 
literature, acute changes in testosterone and cortisol have been associated with physical (i.e., 
athletics) and non-physical (e.g., video game) bouts of competition and have been shown to be 
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effected by victories and defeat (e.g., Jiménez et al. 2012; Oxford et al. 2010). The extent to 
which the HPA axis is sensitive socio-competitive variables during middle childhood remains 
unanswered. To date, my colleagues and I have published the only study that examined salivary 
steroid hormone responses to physical coalitional competition in juvenile boy soccer players, 8 – 
10 years of age, in the U.S.A. (McHale et al. 2016). This study provided the first evidence that 
DHEA and androstenedione are capable of rising in response to intense physical competition 
among juveniles, possibly as an adaptive, functionally distinct hormone pathway, while 
testosterone exhibited no measureable effects. These preliminary findings also raised the 
question as to whether juveniles, who are known to have low levels of testosterone, evolved a 
functionally distinct endocrine pathway specific to middle childhood that is associated with 
physical competition.  
Thus, one of the primary objectives of this doctoral dissertation research is to expand 
upon our preliminary findings to evaluate how team vs. dyadic and physical vs. non-physical 
bouts of competition, in addition to contextual factors, influence HPA axis activity. Further, 
correlational analyses were employed to investigate relationships among pre-match (baseline) 
steroid hormones and competition-induced hormone changes. These efforts should add to a 
broader understanding of the interaction between behavior, competition, and physiology during 
middle childhood as it relates to overall HPA axis activity.  
 
1.2.3. The Evolutionary Significance of Play Behavior  
Intensification of social play has been considered a hallmark of juvenility for human and 
non-human primates and other social mammal species (e.g., Fagen 1981; Symons, 1974; Gray 
2015; Pellegrini and Bjorklund 2004). Thus, juvenile play likely was subject to selection 
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pressures which coincide with entering a wider physical and social world as neural circuitry is 
being refined and calibrated (Pellegrini & Bjorklund 2004). Childhood play is widely considered 
adaptive, the function of which is to practice critical skills related to an organism’s survival and 
reproductive success upon entering adulthood (e.g., Boulton & Smith 1992; Pellegrini & 
Bjorklund 2004). Some play activities are thought to promote social learning, cooperation, and 
mastery of skills related to motor coordination. Further, play behavior provides a relatively safe 
environment to practice play fighting and play chasing, or predator evasion with a conspecific, 
rather than with an actual predator or against an out-group competitor where loss of life is a 
possibility. Play also offers onlookers and competitors alike a means to evaluate skill and 
proficiency relative to that of their playmates, all of which likely influence fitness payoffs related 
to dominance hierarchies and status among in-group members (e.g., Apostolou 2015).  
Typical play behavior observed across taxa and in non-human primates is dyadic, one-on-
one, and rarely coalitional in nature, group vs. group (e.g., Flack et al., 2004). This makes the 
ubiquity of team athletic play observed across human societies all the more unusual when 
situated within the backdrop of comparative animal behavior. Humans are the only known 
species to participate in organized, team, coalitional (more than 3 competitors competing against 
another group of competitors) forms of competition in both foraging and industrialized 
populations (Deaner & Smith 2013; Murdock 1945; Symons 1978). Coalitional play requires 
individuals coordinating their actions in response to their team members and to the actions of the 
opposing group. Thus, team athletic sports for children provide an opportunity to rehearse 
complex cooperation and likely activate psychological and physiological predispositions that 
mediate coalitional competitive behavior. Studying the physiological effects of coalitional 
competition, with respect to in-group and out-group effects, and dyadic competition, during 
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middle childhood, across physical and non-physical competitive contexts, can help generate new 
insights for understanding the relationship between competitive venue, competitor type, HPA 
axis activity and competitive behavior.   
Some researchers have further hypothesized that a protracted period of juvenile 
development is essential for developmental plasticity, such that play helps shape a child’s 
behavioral responses to map onto their respective social ecologies (Pellegrini et al. 2007). 
Deaner and Smith’s (2013) review of more than 50 societies revealed that, compared to women 
and girls, men and boys have a far greater motivational predisposition to participate and monitor 
sports, especially sports involving team play. Despite these robust findings, the authors also note 
that girls’ participation in sports is highly variable across societies. These data led the authors to 
further speculate that natural selection may have produced mechanisms specific to juveniles that 
allow them to calibrate competitiveness in response to cultural specific social pressures. 
Investigating the factors that contribute to endocrine changes in children during social 
competition is critical to the understanding of the evolution of childhood development and the 
physiological processes that underpin motivation and behavior.  
 The underlying assumption of this research focus is that acute salivary steroid hormone 
activation is an adaptive mediated physiological response that is triggered by heightened 
sensitivities to ecologically salient socio-competitive stimuli in humans. This contrasts with a 
body of research that focuses on chronic (e.g., associations between morning baseline hormone 
levels and behavioral measures) hormone levels. Yet, most of the human hormone and 
competition literature provides little to no information as to the endocrine response to physical 
and non-physical forms of competition during middle childhood or whether they children are 
even capable of rapid steroid hormone changes in similar ways as observed in adults. Thus, it is 
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conceivable that juvenility represents a critical behavioral, cognitive, and physiological switch 
point where social competition with respect to play is essential for refining HPA axis activity. 
Pinpointing the precise developmental timing of emergent patterns of behavioral and steroid 
hormone responses across differing life history stages, in the context of variable socio-
competitive ecologies, is essential for providing a more complete understanding of human social 
development.     
 
1.2.4. Hong Kong Childhood Development, Academics, and Activity  
The early childhood development literature has identified that some developmental 
milestones are subject to cross-cultural variation and plasticity, such as theory of mind 
development (ToM) (Liu et al. 2008). Several sociological factors, such as the number of older 
siblings with whom a child is raised, positively correlate with the age at which a child passes the 
false-belief task, which is the understanding that an individual’s belief or representation about 
the world may contrast with reality (e.g., Cassidy 2005). Cultural variation was found in a large 
meta-analysis investigating the age at which children in mainland China, Hong Kong, Canada, 
and the USA pass the false-belief task (Liu et al. 2008). Hong Kongese children follow a slightly 
delayed timetable for the development of their ToM. No causal explanation was provided to 
explain this effect. However, it is worth noting that Hong Kong has one of the lowest fertility 
rates in the world (Hesketh 2005). At 1.17 births per woman, children often grow up in small, 
single child households that may limit the opportunities for social interactions among siblings. 
The extent to which baseline and acute steroid hormone reactive effects is a universal emergent 
characteristic of juvenility or potentially a trait subject to cultural variation and developmental 
plasticity, remains unexplored. 
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From early on in a child’s development, the dominant ethos among Hong Kong families 
place extreme value on academic achievement and competitiveness as the path towards upward 
mobility (Ingham 2007). In comparison to Western cultural contexts, Hong Kong children 
outperform nearly all other children in standardized reading and math tests (Chou 2012). 
Additionally, public education in Hong Kong ranks third internationally, just behind Finland and 
South Korea, and is home to some of the most elite universities in the world (Chou 2012). Yet, 
Hong Kong is one of the most densely populated countries on the planet. With only seven public 
universities, Hong Kong youth are routinely faced with intense academic competition and social 
pressures from parents and peers to perform well in the classroom. In this arena, teachers and 
parents share a common value system, whereby boys and girls are pushed to embrace a life-
orientation that fits a fluid market system organized around academic achievement and mobility. 
These data speak to potential cross-cultural differences that may underscore social 
developmental trajectories and acute hormone responses among Hong Kongese children when 
participating in salient competitive contexts. As a result of this unique cultural milieu, I have 
chosen to investigate Hong Kong childrens’ acute salivary steroid hormone responses while 
participating in a team math competition, in their classroom in front of peers, as one of the 
independent studies. This experimental condition is assumed to induce a high degree of cognitive 
appraisal from participants as a meaningful socially competitive contest performed in front of 
peers.     
Over the last two decades, there has been considerable increase in interest investigating 
the benefits of physical activity on health and development worldwide. Numerous researchers 
have also identified several reoccurring sociocultural variables that appear to promote 
participation in physical activities: self-efficacy, family and friends’ social support, enjoyment, 
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and physical education in school (e.g., Ha et al. 2010; Liang 2014; Lindner 1999; Lindner & 
Kerr 2001). However, most research investigating physically active participation has focused on 
Western populations, such as Canada, Australia, and United States, where sport is traditionally 
highly valued, (Tsai 2005). Fewer analyses have been conducted on sociocultural contexts that 
extend beyond Western contexts, such as Hong Kong, where physical activity and sports 
achievement is typically less valued (Ha et al. 2010; Tsai 2005). One review of U.S.A, European, 
and Hong Kong children’s play patterned behavior has reported boys tend to engage in higher 
rates of intense physically active play compared to girls worldwide (Cheung 2012). In recent 
years, Hong Kong has undergone education curriculum reforms designed to promote physical 
education as a key learning area to develop fundamental motor skills and cultivate positive 
values and attitudes for the development of an active and healthy lifestyle. (Curriculum 
Development Council 2002). Today, most primary Chinese Schools in Hong Kong offer both 
competitive and non-competitive activities in order to promote participation in a wide range of 
organized sports programs and physical activities. In a survey conducted in 2009, it was reported 
the age cohort with the highest rates of participation in organized sport in Hong Kong was 
children, 7-12 years of age, at 95.6% (Consultancy Study on Sport for All 2009). Table-tennis is 
one of the most widely played sports in Hong Kong Chinese schools, while soccer (football) is 
rated as the most popular sport overall (Lau et al. 2015). Yet, to my knowledge, no studies have 
attempted to measure steroid hormone reactive effects in Hong Kong children engaged in sports 
competition.  
Hong Kong represents a cultural context where academic achievement and sports are 
salient activities. Investigating Hong Kong boys’ acute hormone responses to competition 
broadens the scope of behavioral endocrinology and competition research on children beyond 
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traditional Western populations, with considerations given to cross-cultural differences that may 
underpin developmental plasticity, adrenal hormone reactivity, and social developmental 
trajectories. Thus, another aim of this proposal is to provide foundational insights that assess 
Hong Kongese juveniles’ HPA axis response to salient socio-competitive challenges. As a result, 
I have also chosen to investigate boys’ physiological response to bouts of coalitional (soccer) and 
dyadic (table-tennis) sports competition. 
 
1.3. Specific aims  
Here, I expand upon the body of hormone and competition research by focusing on acute, 
rather than baseline, salivary steroid hormone changes among children. The overarching goal of 
this research is to examine whether steroid hormones in ethnically Chinese, Hong Kongese 
children are sensitive to physical, non-physical, coalitional and dyadic competition during 
middle childhood and to investigate the extent to which independent variables, such as age, 
competitor type, outcome, and performance are related to degree and direction of steroid 
hormone change. I examined pre- and post-match salivary testosterone, DHEA, androstenedione, 
and cortisol concentrations across 1) a soccer match and intra-squad scrimmage among boys (N 
= 102), 2) a mixed-sex team math competition (N = 45), and 3) a dyadic male-male table-tennis 
exhibition (N = 22). Measures of Body Mass Index (BMI) and pubertal development were 
assessed as control variables in all three studies. Inspired by our preliminary findings among boy 
soccer players in the U.S.A. (McHale et al. 2016), we recruited a larger sample of boy soccer 
players and expanded the research design in order to investigate within- and between-group 
effects of acute salivary steroid hormone changes among boys who competed against an 
unknown team of competitors during a soccer match (out-group treatment) in comparison to 
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competing against peers during an intra-squad soccer scrimmage (in-group treatment). In an 
effort to control for physical exertion effects which have been shown to influence steroid 
hormone change among adult athletes (e.g., Brownlee et al. 2005; Collomp et al. 2015; Hayes et 
al. 2015), all participants played the same duration during the match and scrimmage. A team 
math competition was selected to investigate how a non-physical competition, in addition to 
victory or defeat, and individual and team performance (e.g., number of correct responses) was 
associated steroid hormone change among boys and girls. This unique experimental design 
allowed us to simultaneously investigate boys’ and girls’ steroid hormone responses to 
competition. A non-physical academic competition does not require physical struggle, which 
provides us a step closer in simulating actual social competition among both sexes. Additionally, 
an in-school table tennis competition was selected as our dyadic competition experimental design 
which provides foundation data to compare to coalitional competitive contexts. No studies to 
date have been published on steroid hormone responses during dyadic or mixed-sex competition 
during middle childhood.  
 
1.4. Hypotheses and predictions 
I hypothesize that children may have evolved a distinct endocrine pathway that is unique 
to the juvenile period of development, such that DHEA, androstenedione, and cortisol will be 
sensitive to competition related effects during both physical and non-physical bouts of 
competition irrespective of coalitional and dyadic forms of competition. Further, I hypothesize 
that contextual factors, such as in-group vs. out-group competitor type, individual performance, 
and outcome of the contest (victory/defeat) will moderate hormone changes. Testosterone and 
estradiol are predicted to exert no measurable effects. Overall, such patterns would lend support 
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to the view that the juvenile period represents a seminal turning point in a child’s social cognitive 
and physiological development through which the HPA axis exerts predictable acute hormone 
changes to culturally meaningful socio-competitive environments. This dissertation research also 
highlights the importance of further assessing the potential adaptive significance of adrenarche. 
As juveniles are engaging in and preparing for a larger social world it is conceivable that acute 
adrenal steroid hormone release help mediate an appropriate behavioral response, while avoiding 
the immunosuppressive costs of maintaining high levels of primary sex steroids, such as 
testosterone and estrogen, hormones that are related to aggression in adult males and females 
respectively (e.g., Archer 2006; Geary et al. 2001). I suspect acute adrenal steroid hormone 
responses in juveniles are moderated by contextual factors related to social competition, factors 
which ultimately calibrate behavioral and physiological responses under social and physical 
stressors related to competition, where aggression, physical exertion and competitive effort more 
generally would conceivably be enhanced. From a life history perspective, this research is 
intended to shed new light on the developmental timing of adrenarche and adrenal hormone 
interactions in conjunction with social competitive behavior. 
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Figure 1.1.  Developmental trajectories of human growth and adrenal hormones from infancy to 
adulthood. Adapted from del Giudice (2014). 
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CHAPTER 2 
This chapter examined whether salivary testosterone, DHEA, androstenedione, and 
cortisol responses are sensitive to in-group and out-group coalitional physical competition, 
performance, and outcome in a large sample of ethnically Chinese juvenile boys in Hong Kong 
during soccer competition. Previous work among a small sample of U.S.A. boy soccer players 
identified that soccer match play and soccer training promoted differential acute changes in 
overall HPA activity, while testosterone exerted no measurable effects (McHale et al. 2016). 
This study extends that line of research to investigate salivary steroid hormone responses in a 
large sample of 102 boys, among an underrepresented non-Western urban population, across two 
experimental treatments (in-group vs. out-group), while controlling for BMI, pubertal 
development, and duration of physical play. Exploratory analyses were conducted on pre-match 
adrenal hormone concentrations and hormone change. 
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Abstract 
A large body of research links testosterone and cortisol to male-male competition. Yet, 
little work has explored acute steroid hormone responses to coalitional, physical competition 
during middle childhood. Here, we investigated testosterone, dehydroepiandrosterone (DHEA), 
androstenedione and cortisol release among ethnically Chinese boys in Hong Kong (N = 102), 
aged 8 – 11 years, during a soccer match (n = 84) and an intra-squad soccer scrimmage (n = 81), 
with 63 participants competing in both treatments. The soccer match and intra-squad soccer 
scrimmage represented out-group and in-group treatments respectively. Results revealed that 
testosterone had no measurable change. DHEA increased during both treatments in the majority 
of participants and the degree of change had no relation to independent variables (e.g., 
performance, age, treatment, outcome) or covariate measures (Body Mass Index, Pubertal 
Development Scale). Most boys experienced androstenedione increases during match play, but 
no significant differences during the intra-squad soccer scrimmage competitions. The magnitude 
of change differed significantly between treatments and was positively associated with age. 
These latter findings suggest boys’ androstenedione responses may be sensitive to competitor 
type (i.e., unknown competitors vs. peers). For most subjects, cortisol significantly increased 
during match play, decreased during the intra-squad soccer scrimmage, and differed significantly 
between treatments, suggesting each treatment promoted a different psychological state among 
competitors. Cortisol/DHEA molar ratio decreased during the intra-squad scrimmage suggestive 
of a more relaxed mental state. These data shed new light on identifying potential proximate 
mechanisms associated with coalitional competition among pre-pubescent boys, with relevance 
to adrenarche and life history theory. 
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2.1. Introduction 
A large body of research has explored acute hormone responses to competition and 
aggression in human adults, with that work typically focusing on testosterone and cortisol (Casto 
& Edwards 2016b; Geniole et al. 2017; Gray et al. 2017). Review of this literature has shown 
hormone changes are often context-dependent; they are contingent on individual competitors’ 
motivation, performance as well as cognitive appraisal of competition. For example, hormone 
responses can vary in winners vs. losers, individual vs. group competition, in-group vs. out-
group opponents, and subjects’ perceived individual performance (e.g., de Almeida et al. 2015; 
Flinn et al. 2012; Salvador & Costa 2009). 
However, little research has examined the relationship between pre-pubescent human 
juvenile aggression and baseline salivary steroid hormones (e.g., Azurmendi et al. 2016), with 
even less work exploring acute reactive effects of steroid hormones during different types of 
competition (Kamin & Kertes 2017; McHale et al. 2016). The human juvenile transition, which 
corresponds with the onset of middle childhood in biological terms, occurs on average between 6 
and 7 years of age and coincides with the adrenarche, the pre-pubertal increase in adrenal 
androgen secretion of dehydroepiandrosterone (DHEA) and its metabolite androstenedione (Del 
Giudice 2014). These weak androgens continue to rise through the mid-twenties (Campbell 
2011; Mouritsen et al. 2013). Juvenility is characterized by a protracted period of development, 
intense social learning, and has been hypothesized to represent a critical cognitive switch point in 
a child’s social development (e.g., Bogin 1997; Del Giudice et al. 2009; Meehan and Crittenden 
2016). Cross-culturally, the juvenile transition appears as a time of greater self-reliance and 
independence which often coincides with emergent sex-specific play behaviors (Benenson & 
Markovits 2014; Crittenden et al. 2013; Geary 2010; Konner 2010). These data have led some 
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evolutionary theorists to speculate that an extended juvenile period may be necessary to prepare, 
practice, and refine complex social competencies before entering the highly competitive social 
world of adolescence and adulthood (Flinn & Ward 2005). Despite these observations, little 
research has investigated the activational effects steroid hormones may have in response to 
competitive social behaviors in boys, such as coalitional competition, and the extent to which 
psychosocial factors influence acute steroid hormone release.  
Most research investigating physical activity has focused on Western populations, such as 
Canada, Australia, and the United States, where sport is traditionally highly valued (Tsai 2005). 
Fewer analyses have been conducted in sociocultural contexts that extend beyond Western 
populations, such as Hong Kong, where physical activity and sports achievement is typically less 
valued (Tsai 2005; Ha et al. 2010). Despite this, nearly all (95.6%) of Hong Kong children 7-12 
years of age participate in organized sports, the highest of any age group (Community Sports 
Committee of the Sports Commission 2009). Soccer (football) is rated as the most popular 
among Chinese children (Lau et al. 2015), suggesting this activity represents a salient cultural 
socio-competitive sport to assess Hong Kongese boys’ hormone responses to competition.  
We investigated steroid hormone responses to male-male, coalitional, physical 
competition (soccer) among 102 ethnically Chinese, Hong Kongese boys, aged 8 – 11 years. 
Saliva samples were collected before and after two experimental treatments: (i) a soccer match 
against an unknown team of competitors and (ii) an intra-squad soccer scrimmage played among 
teammates (peers). The treatments represented out-group and in-group competitive contexts 
respectively. The aim of the experimental design was to evaluate steroid hormone responses in 
juvenile male athletes when faced with naturalistic and physically taxing, coalitional 
competitions under two different experimental conditions. This study also explored the 
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relationship between steroid hormone change and additional factors: match play vs. intra-squad 
soccer scrimmage treatments, age, self-report measure of performance, goal scorer, and outcome 
of contest. Thus, simultaneous measures of testosterone, DHEA, androstenedione, and cortisol 
were assessed in juvenile male soccer players while controlling for Body Mass Index (BMI), 
physical duration of play, and pubertal development. Cortisol/DHEA molar ratio was also 
evaluated, which has been proposed as a more accurate indicator of overall hypothalamic-
pituitary-adrenal (HPA) axis activity (Kamin & Kertes 2017).    
 
2.2. Hypotheses and predictions 
Here we tested two hypotheses: 1) boys will experience acute changes in DHEA, 
androstenedione, and cortisol, rather than testosterone, while playing in a soccer competition, 
and 2) the magnitude and direction of hormone change will be moderated by additional factors: 
match play vs. intra-squad scrimmage, age, self-report measure of performance, goal scorer, and 
outcome of contest. We predicted DHEA, androstenedione, and cortisol will increase during 
match play, while androstenedione and cortisol will exhibit no statistical change during the intra-
squad scrimmage. DHEA release is likely sensitive to physical exertion effects, which has been 
shown to occur among adults (Collomp et al. 2015) and has been reported to increase during 
soccer matches and soccer training in our previous research among boys, while androstenedione 
was shown to rise only during soccer match play in comparison (McHale et al. 2016). The HPA 
axis stress response to competition is predicted to promote cortisol match increase. Further, we 
predicted boys will exhibit a stronger magnitude of increase in DHEA, androstenedione, and 
cortisol when competing in the soccer match in comparison to the intra-squad soccer scrimmage. 
Competition against unknown competitors, with the presence of spectators, may activate more 
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pronounced steroid hormone responses that promote heightened coalitional competitive effort, 
focus, and intensity during male-male team competition. This phenomenon has been reported in 
the adult male literature, where individuals typically elicit a stronger magnitude of salivary 
testosterone increase when competing against out-group members in dyadic and team 
competitions (e.g., Flinn et al. 2012; Oxford et al. 2010). Additionally, we predicted winners and 
players who score at least one goal, a proxy measure of individual performance, will experience 
a larger magnitude of increase in DHEA and androstenedione, and decreases in cortisol, 
compared to pre-match and pre-scrimmage levels. Age is predicted to be positively correlated 
with the magnitude of DHEA and androstenedione increases, possibly due to higher baseline 
levels of bioavailable adrenal androgens and/or due to heightened cognitive sensitivities to male-
male competition among older juvenile boys. We predicted cortisol will not change during the 
intra-squad scrimmage, while testosterone concentrations will remain low during all conditions. 
Lastly, the cortisol/DHEA molar ratio is not predicted to differ significantly during the soccer 
match, but decrease substantially during the intra-squad scrimmage, indicative of a more relaxed 
psychological state in accordance with previous findings (McHale et al. 2016).  
 
2.3. Methods  
 
2.3.1. Participants 
Participants were 102 boys from Hong Kong, aged 8 – 11 years, recruited from four 
teams: under 12 (U12) Tai Po Soccer Club (n = 29), U12 Sha Tin Soccer Club (n = 29), under 10 
(U10) Tai Po Soccer Club (n = 25), and U10 Sha Tin Soccer Club (n =19). Each club regularly 
practices twice per week and is part of the highly competitive youth Hong Kong Soccer 
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Association. The teams are from the Tai Po and Sha Tin districts of Hong Kong Special 
Administrative Region of the People’s Republic of China, with each team having between 25 
and 30 players. A total of 84 boys participated in a soccer match, 81 players participated in an 
intra-squad soccer scrimmage, and 63 of these same players participated in both the soccer match 
and soccer scrimmage. The benefit of within-subject comparison is that error variance associated 
with individual physiological differences is reduced. Children on hormone medication were 
excluded. Parent and Child Informed Consent Forms were available in Cantonese and English 
and were signed by each participant and at least one parent or legal guardian. The study protocol 
was approved by the University of Nevada, Las Vegas and the University of Hong Kong 
Institutional Review Boards. 
 
2.3.2. Experimental procedures 
Treatments 
Due to known behavioral and physiological effects of home field advantage in the adult 
male competition literature (Fothergill et al. 2017), efforts were made to ensure all soccer match 
exhibitions were played neutral sites. In addition, each team agreed to arrange one intra-squad 
scrimmage during a regularly scheduled practice. The soccer match exhibition represented the 
out-group treatment where participants competed against an unknown team of similarly aged 
competitors. The intra-squad soccer scrimmage represented the in-group treatment, where 
players competed against teammates (peers). The soccer match and intra-squad scrimmage each 
consisted of two 12-minute halves separated by a 5-minute halftime with a coach acting as the 
referee. Duration of physical exercise has been found to influence the magnitude of hormone 
reactivity (e.g., Collomp et al. 2015; Hayes et al. 2015). Thus, each participant was required to 
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play the entire duration of the match and/or scrimmage to ensure equal playing time. On average, 
50 total players were in attendance during each of the U12 and U10 soccer match data 
collections. Before the soccer match and intra-squad scrimmages, the coaches informed the 
players that it was a formal competition that they should take seriously. Most of the players’ 
parents were in attendance during the matches with less in attendance during the intra-squad 
scrimmages.  
To address circadian rhythms and nutrition-related factors (Gröschl 2003), efforts were 
made to standardize times of matches and scrimmages. All soccer matches and scrimmages 
began in the early evenings or late afternoons. Participants’ parents were instructed to prevent 
players from consuming food for one hour prior to the start of the warm-up period. Additionally, 
participants were told to avoid drinking sugary sports drinks and eating during each event. 
Players did not begin their warm-up until after they provided a pre-match and pre-scrimmage 
saliva sample. All data were collected between October – December 2016. Player positions (e.g., 
offense, defense, and goalkeeper), outcome, and final scores were recorded by researchers. A 
few participants played part of the contest as a goalkeeper and the remaining time as a player on 
the field (match: n = 7; scrimmage: n = 11). Hormone responses from these participants were 
consistent with the overall trends observed by players and thus goalkeepers were included in the 
overall analysis.  
For the U12 match, 21 participants from the U12 Tai Po Soccer Club competed against 
25 of the U12 Sha Tin Soccer Club’s players on October 28, 2016. To ensure equal playing time 
for all participants, coaches divided the players into three smaller teams, resulting in two matches 
of 8 versus 8 and one match of 9 versus 9. The U12 Tai Po Soccer Club had four remaining 
players who did not participate in the experiment but played in the soccer match. All three 
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matches began simultaneously at 7:30 PM. The U12 Sha Tin team won two of the matches (3 – 
0; 1 – 0) and tied the third match (2 – 2). The U10 matches began simultaneously at 7:15 PM on 
November 11th, 2016. The U10 Tai Po team consisted of 23 participants while the U10 Sha Tin 
team had 15 participants. Players were broken up into three smaller teams, resulting in two 
matches of 8 versus 8 and one match of 7 versus 7. The U10 Tai Po team had more participants 
so 8 additional U10 Sha Tin players who were not participants in the study competed in the 
match. The U10 Sha Tin team won all three matches (7 – 0; 3 – 1; 2 – 0). In total, 84 participants 
competed in a soccer match, with 13 participants scoring one or more goals.   
Coaches separated players into smaller teams prior to the intra-squad soccer scrimmage. 
This allowed for two intra-squad soccer scrimmages to be played simultaneously, consisting of 
four teams total, during each scrimmage treatment. Players who did not participate in the study 
were allowed to play in the scrimmages. The U10 Sha Tin’s team scrimmage occurred on 
November 19, 2016. Saliva collection began at 4:30 PM (n = 16; two teams of 5 versus 5; scores: 
1 – 1, 4 – 1). The U10 Tai Po’s team scrimmage occurred on November 18, 2016 at 7:00 PM (n = 
24; two teams of 7 versus 7; scores: 1 – 1, 7 – 1). The U12 Sha Tin’s team scrimmage occurred 
on November 22nd, 2016 at 6:30 PM (n = 22; two teams of 7 versus 7; scores: 5 – 1, 3 – 2); and 
the U12 Tai Po’s team scrimmage occurred on December 11, 2016 at 8:00 PM (n = 19; two 
teams of 5 versus 5; scores: 4 – 1, 7-1). Twenty-one out of 81 participants scored one or more 
goals during the scrimmages. 
 
Independent variables and covariates                                                                                 
Participants who scored at least one goal were coded as ‘goal scorer,’ which was used as a proxy 
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measure of individual performance. Age, treatment, outcome of contest, and goal scorer were 
assessed in each model as potential moderating independent variables. 
Participants completed the Pubertal Development Scale, a validated self-report, non-
invasive 5-question measure of pubertal maturation (PDS) (Petersen et al., 1988). Participants’ 
scores (M = 1.45, range: 1.00 – 3.6) indicated none had undergone puberty. Additionally, 
participants’ height and weight were recorded using an anthropometer and scale at initial 
assessment allowing for calculation of participants’ BMI. Participants’ ages were recorded for 
101 out of 102 participants, BMI for 94 out of 102 participants, and PDS for 98 out of 102 
participants. 
 
2.3.3. Saliva collection 
Saliva samples were collected 10-minutes before the start of the warm-up period and 10-
minutes after the completion of the competition during each of the soccer matches and soccer 
scrimmages. Each warm-up period typically lasted ~15-20 minutes prior to the competition. 
Every participant provided ~3 ml of passive drool saliva. Here, players’ saliva samples collected 
before warm-up represent ‘before match’ and ‘before scrimmage’ hormone concentrations 
(Edwards & O’Neal 2009). Saliva collection during field research is non-invasive and relatively 
stress-free alternative to serum and plasma (Gatti & De Palo 2010). Salivary samples were 
immediately stored at -20 degrees Celsius upon collection and shipped to ZRT Laboratory in 
Beaverton, Oregon.  
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2.3.4. Hormone determination 
Salivary samples were assayed by ZRT Laboratory using liquid chromatography–tandem 
mass spectrometry (LC-MS/MS), the most accurate and sophisticated method of hormone 
analysis available (Handelsman et al. 2013, Büttler et al. 2015). For testosterone, 310 out of 338 
total saliva samples (91.7%) were below the detection limit of the assay (< 3.2 pg/mL) and 
therefore no statistical analysis was conducted. One-hundred and three out of 338 saliva samples 
of DHEA (30.4%) were below the detection limit (17.1 pg/mL), with two additional values 
missing from the lab assay results. The low values of DHEA are considered valuable data points 
representing low hormone concentrations even though exact measures were below sensitivity. 
Thus, each measure below sensitivity was assigned a value that is one half of the minimum 
detection limit resulting in 103 values of 8.55 pg/mL of DHEA. All 338 samples of cortisol and 
androstenedione were detectable. One of the values of cortisol was not included in our analyses 
due to the extreme nature of the outlier (more than 3.5 SDs). The intra-assay coefficient of 
variation for all analytes tested range from 2.7 to 15.7 % over the following hormone 
concentrations: testosterone (9.8–83.5 pg/mL), DHEA (35.6–567 pg/mL), androstenedione 
(21.3–343 pg/mL) and cortisol (400–1370 pg/mL). Inter-assay precision over the same hormone 
concentrations range between 4.3 to 18.7 %. 
 
2.3.5. Statistical methods 
The raw match and scrimmage hormone data were non-normally distributed. Traditional 
techniques to normalize DHEA and cortisol data (e.g., log transformation, square root) were 
unsuccessful. Preliminary analyses employed Spearman’s Rank-Order Correlation to explore the 
relationships among raw pre-competition DHEA, androstenedione and cortisol hormone levels, 
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competition hormone change across the soccer match and intra-squad soccer scrimmage 
treatments.  The Wilcoxon Signed-Rank Sum Test was performed on the raw hormone 
concentrations to test ‘before’ and ‘after’ hormone changes during each treatment.  
Secondly, in designs containing quantitative covariates, one standard method of analysis 
involves analysis of covariance of change (ANCOVA) from pre-match concentrations, using the 
difference between post-match and pre-match concentrations as the dependent variable (van 
Breukelen 2013). Thus, absolute change in match (raw ‘after match’ – raw ‘before match’) and 
scrimmage (raw ‘after scrimmage’ – raw ‘before scrimmage’) concentrations were calculated. 
The absolute change data were unable to be normalized for DHEA due to the high frequency of 
8.55 pg/mL values and the presence of negative values. To accommodate this distribution, a ratio 
was created as an alternative method of analysis for each dependent variable, where the ‘after 
match’ hormone concentrations were divided by the ‘before match’ concentrations (e.g., raw 
DHEA ‘after match’ / raw DHEA ‘before match’). This method was applied to the scrimmage 
data as well (e.g., raw DHEA ‘after scrimmage’ / raw DHEA ‘before scrimmage’). Utilizing the 
ratio data avoided negative values, while maintaining directionality of change to be observed, 
which resulted in successful log base ten transformations for normality for all dependent 
variables. Here, log ratio values represent a measure of hormone concentration change that 
occurred during each treatment. To determine the possible main effects of each independent 
variable and covariates, ‘log ratio match’ and ‘log ratio scrimmage’ hormone data were used for 
statistical modeling when appropriate.  
Lastly, we modeled the combined totals of the ‘log ratio match’ and ‘log ratio 
scrimmage’ data for each dependent variable. This method allowed ‘treatment’ (0 = match; 1 = 
scrimmage) to be included as an additional independent variable for further hypothesis testing. 
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Similarly, this method was applied to the 63 subjects who played in both the soccer match and 
soccer scrimmage treatments, which provided reduction in error variance between individuals 
given that subjects act as their own control. These analyses resulted in a between-subject and 
within-subject ANCOVA designs for comparison. All tests are two-tailed (α = .05) and were 
carried out using SPSS statistical software. 
 
2.4. Results 
Table 2.1. presents descriptive characteristics of age, BMI, PDS, match and scrimmage 
salivary hormone concentration data.  
 
2.4.1. Hormones and control variables 
Correlations between raw before competition hormone concentrations, hormone change, 
BMI, and PDS are presented in Table 2.2. (match) and Table 2.3. (intra-squad scrimmage). All 
hormone measures and control variables passed visual inspection of the scatterplots determining 
a monotonic relationship existed. 
 A highly significant positive correlation was observed between boys’ pre-competition 
DHEA and pre-competition androstenedione (match: rs = .52, p < 0.001; scrimmage: rs = .57, p < 
0.001), consistent with the rise of adrenal androgens associated with the juvenile transition. Pre-
competition DHEA and BMI (match: rs = 0.23, p = 0.042; scrimmage: rs = 0.28, p = 0.012) and 
pre-competition DHEA and age (match: rs = 0.28, p = 0.01; scrimmage: rs = 0.24, p = 0.032) 
were also positively correlated. Further, pre-competition androstenedione and cortisol were 
positively correlated (match: rs = 0.28, p = 0.01; scrimmage: rs = 0.25, p = 0.026), along with 
pre-competition androstenedione and BMI (match: rs = 0.35, p = 0.002; scrimmage: rs = 0.26, p 
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= 0.023), and pre-match androstenedione and age (rs = 0.35, p = 0.001). Pre-scrimmage 
androstenedione was negatively correlated with the androstenedione change that occurred during 
the instrasquad soccer scrimmage (rs = -0.28, p = 0.011). This relationship was not observed in 
the match treatment, indicating that the soccer match and the soccer intra-squad scrimmage 
treatments evoked a different physiological association among androstenedione. Pre-competition 
cortisol was highly negatively correlated with androstenedione competition change (match: rs = -
0.46, p < 0.001; scrimmage: rs = -0.36, p = 0.001), and negatively correlated with cortisol 
competition change (match: rs = -0.26, p = 0.018; scrimmage: rs = -0.51, p < 0.001), BMI 
(match: rs = -0.23, p = 0.043; scrimmage: rs = -0.22, p = 0.052), and age (match: rs = -0.32, p = 
0.004; scrimmage: rs = -0.44, p < 0.001) within both treatments. A highly significant positive 
correlation was observed among DHEA and androstenedione competition change (match: rs = 
0.42, p < 0.001; scrimmage: rs = 0.34, p = 0.002), along with a positive correlation between 
DHEA and cortisol competition change (match: rs = 0.30, p = 0.006; scrimmage: rs = 0.30, p = 
0.006). DHEA match change and age were positively correlated (rs = 0.34, p = 0.004), along 
with androstenedione match change and age (rs = 0.38, p < 0.001), and cortisol match change 
and age (rs = 0.22, p = 0.045). These associations were not observed in the intra-squad 
scrimmage treatment. Androstenedione competition change was highly positively correlated with 
cortisol change across both treatments (match: rs = 0.65, p < 0.001; scrimmage: rs = 0.61, p < 
0.001). A positive correlation was identified between age and cortisol match change (rs = 0.22, p 
= 0.045). The latter two findings were not observed during the intra-squad scrimmage treatment. 
Lastly, age and PDS were negatively correlated (rs = -0.22, p > 0.05). 
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2.4.2. Before and after match steroid hormone change 
Soccer match  
DHEA match.  Our results show that on average, participants’ DHEA concentrations 
significantly increased from their ‘before match’ (Mdn = 22.6 pg/mL) values to ‘after match’ 
(Mdn = 35.35 pg/mL) values, z = -4.938, p < 0.001. However, out of the 84 individuals who 
participated in the soccer match treatment, 16 participants experienced a decrease in DHEA and 
12 participants saw no change. Still, a majority of participants, 56 of them, experienced an 
increase in DHEA.  
Cortisol match. Forty-two out of 83 participant samples experienced increases in cortisol 
during the soccer match treatment, 25 displayed decreases, and 16 experienced no change. 
Cortisol levels increased for the majority of participants when comparing their ‘before’ (Mdn = 
300 pg/mL) to ‘after’ (Mdn = 400 pg/mL) concentrations, z = -2.516, p = 0.012.  
Androstenedione match. Fifty-six out of 84 match participants experienced increases in 
androstenedione during the soccer match, 25 experienced decreases, while 3 experienced no 
change. Androstenedione therefore increased for the majority of participants: ‘before’ (Mdn = 
0.89 pg/mL), ‘after’ (Mdn = 9.85 pg/mL), z = -4.53, p < 0.001.  
 Cortisol/DHEA match. Forty-six out of 84 participants’ cortisol/DHEA molar ratios 
decreased, 34 increased, and 3 did not change. No significant change was observed between 
‘before’ (Mdn = 39.78) and ‘after’ (Mdn = 41.03) match levels, z = -1.52, p = 0.199.  
 
Intra-squad scrimmage 
DHEA scrimmage. Forty-two of 80 participants’ DHEA increased during scrimmage 
play, 21 experienced a decrease, and 17 had no change. Thus, most participants experienced 
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DHEA increases between ‘before’ (Mdn = 19.05 pg/mL) and ‘after’ (Mdn = 25.65 pg/mL) 
collections, z = -3.139, p = 0.002.  
Androstenedione scrimmage. Forty-six out of 81 boys experienced an increase in 
androstenedione during the intra-squad scrimmage, 32 exhibited a decrease, and 3 revealed no 
change. No significant difference was observed between ‘before’ (Mdn = 7.40 pg/mL) and ‘after’ 
(Mdn = 8.20 pg/mL) androstenedione levels, z = -1.370, p = 0.171.  
Cortisol scrimmage. Forty-seven out of 81 participants’ cortisol levels decreased during 
the scrimmage, 23 increased, whereas 11 did not change. Cortisol decreased for the majority of 
boys: ‘before’ (Mdn = 400 pg/mL) and ‘after’ (Mdn = 300 pg/mL), z = -2.53, p = 0.012.  
Cortisol/DHEA scrimmage. Fifty out of 80 participants experienced decreases in their 
cortisol/DHEA molar ratios, 25 increased, and 5 did not experience any change. A significant 
overall decrease was revealed between ‘before’ (Mdn = 38.43) and ‘after’ (Mdn = 37.14) 
scrimmage levels, z = -2.62, p = 0.009.  
 
2.4.3. ANCOVA: soccer match and intra-squad scrimmage 
‘Log ratio match’ and ‘log ratio scrimmage’ data were normalized for all analyses as 
assessed by the Shapiro-Wilk’s test (p > 0.05). Exploratory analyses were performed using a 
one-way ANOVA to test the effects of independent variables and covariates on the dependent 
variables in both treatments. Significant independent variables and covariates were then included 
in each model for statistical analysis.  
DHEA match. Prior to conducting the log transformations on the match and scrimmage 
DHEA ratio data, participants who had concentrations below detection for both of their ‘before’ 
and ‘after’ match values (i.e., coded as 8.55 pg/mL for ‘before’ and ‘after’) were removed from 
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analyses. One extreme outlier was also removed from the DHEA match difference data before 
log transformation, resulting in a normal distribution of DHEA match data. This resulted in 13 
participants being excluded from the remaining analyses (n = 71). Preliminary analyses revealed 
no significant effects between ‘outcome of match’ (p = 0.16) and ‘goal scorer’ (p = 0.22) on 
changes in DHEA ‘log ratio match’ levels. Similarly, none of the covariates were significantly 
associated with DHEA ‘log ratio match’ (p > 0.05), all of which suggest DHEA increase during 
match play is not moderated by the independent variables or covariates.  
 Androstenedione match. Androstenedione match ratio data had two extreme outliers 
removed prior to conducting the log transformation (n = 82). ‘Outcome of contest’ approached 
significance (p = 0.053) as a predictor of change in androstenedione ‘log ratio match’, while 
‘goal scorer’ was not a significant predictor (p = 0.614). ‘Age’ (p = 0.004) was also a significant 
independent variable. There was no main effect of ‘outcome of contest’ on the change in 
androstenedione ‘log ratio match’ data after controlling for ‘age,’ F(2, 77) = 1.40, p = 0.253, η2 
= 0.035. Additionally, ‘age’ did not have a significant effect in the model, F(1, 77) = 3.56, p = 
0.063, η2 = 0.044. There was homogeneity of variances, as assessed by the Levene’s test of 
homogeneity of variance (p = 0.829). 
Cortisol match. One cortisol value was 0.00 pg/mL, which prevented a ratio 
transformation and was coded as undefined and removed from subsequent analyses (n = 82). 
Preliminary analysis revealed ‘outcome of contest’ approached significance (p = 0.050) as a 
predictor of change in cortisol ‘ratio log match.’ Further, ‘age’ (p = 0.038) demonstrated a 
significant effect. Thus, an ANCOVA was applied to examine the main effect of ‘outcome of 
contest’ on cortisol ‘log ratio match’ after controlling for ‘age.’ The outcome of the match did 
not show a statistically significant difference in cortisol ‘log ratio match,’ F(2, 77) = 2.32, p = 
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0.105, partial η2 = 0.057, after controlling the effects of ‘age.’ Further, ‘age’ was not significant 
in the model, F(1, 77) = 1.57, p = 0.215, η2 = 0.020. The Levene’s test of homogeneity of 
variance verified the samples had equal variances (p = 0.819). 
DHEA scrimmage. The inclusion criteria described in section 2.3.2 for DHEA match 
were applied to normalize the DHEA scrimmage data, resulting in the removal of 15 participants 
(n = 65). Preliminary analysis found no significant relationships between the independent 
variables or covariates on the change in DHEA ‘log ratio scrimmage’ data (p > 0.05). 
Androstenedione scrimmage. All androstenedione ratio values were normalized 
following the log transformation (n = 81). No significant associations were revealed following 
exploratory analyses between the independent variables and covariates (p > 0.05) on 
androstenedione ‘log ratio scrimmage’ data.  
Cortisol scrimmage. All cortisol ratio values were normalized following a log 
transformation (n = 81), with no significant relationships emerging after conducting exploratory 
analysis on each independent variable and covariates (p > 0.05) on the cortisol ‘log ratio 
scrimmage’ data. 
 
2.4.4. ANCOVA: Total sample 
Exploratory analyses were performed using a one-way ANOVA to test the effects of 
‘treatment,’ independent variables, and covariates on potential changes to the ‘total log ratio’ 
data (‘log ratio match’ + ‘log ratio scrimmage’). If a significant effect was identified, an 
ANCOVA was performed. ‘Total log ratio’ data were normalized for DHEA and 
androstenedione as assessed by Shapiro-Wilk’s test (p > 0.05). Cortisol ‘total log ratio’ data 
passed visual inspection of normality, but violated Shapiro-Wilk’s test of normality (p = 0.030). 
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Due to the robustness of the ANCOVA, it was decided to proceed with the analyses for cortisol, 
which was supplemented with Levene’s test to check for homoscedasticity.   
DHEA total sample. Preliminary analyses revealed no significant differences for 
treatment, independent variables, or covariates with change in DHEA ‘total log ratio’ data (N = 
131).  
Androstenedione total sample. ‘Treatment’ (p = 0.009) and ‘age’ (p = 0.015) were the 
only two variables that showed statistically significant relationship with change in 
androstenedione ‘total log ratio’ data (N = 162). After adjustment for ‘age,’ there remained a 
statistically significant effect in the change in androstenedione ‘total log ratio’ data between 
treatments, F(1, 159) = 7.00, p = 0.009, η2 = 0.042. Post-hoc analysis was performed with a 
Bonferroni adjustment. Androstenedione ‘total log ratio’ data were statistically significantly 
greater in the match (M = 0.101, SE = 0.021) compared to the scrimmage (M = 0.022, SE = 
0.021), 95% CI [0.020, 0.138] (see Figure 2.1). ‘Age’ was significantly related to change in 
androstenedione ‘total log ratio’ data, F(1, 159) = 9.84, p = 0.002,  η2 = 0.058 (see Figure 2.2). 
The Levene’s test of homogeneity of variance was confirmed (p = 0.250).  
Cortisol total sample.  ‘Treatment’ was the only variable observed to have a highly 
significant effect on the change in cortisol ‘total log ratio’ data (N = 163), F(1, 161) = 13.53, p < 
0.001 , η2 = 0.078, such that cortisol ‘total log ratio’ increased during the match  (M = 0.10, SE = 
0.04), and decreased during the scrimmage (M = -0.11, SE = 0.04), resulting in a statistically 
significant mean difference between treatments of 0.21, CI [0.093, 0.310] (see Figure 2.3). The 
Levene’s test of homogeneity of variance was confirmed (p = 0.230).   
 
2.4.5. ANCOVA: Within-subject sample  
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Methods employed in section 2.4.3. were performed on the 63 participants who competed 
in both a soccer match and scrimmage. ‘Total log ratio’ data for the within-subject samples were 
normalized for DHEA and androstenedione. Cortisol passed visual inspection of normality on 
the histogram and was supplemented with Levene’s test to check for homoscedasticity, but 
violated Shapiro-Wilk’s test of normality (p = 0.020). Results revealed that the within-subject 
sample hormone responses parallel findings described in section 2.4.3, strengthening the 
reliability of these data.  
DHEA within-subject sample. The inclusion criteria described in section 2.4.3. for 
DHEA match was utilized for all cases (n = 103). Exploratory analyses revealed no significant 
association between DHEA ‘total log ratio’ data, independent variables, or covariates (p > 0.05). 
Androstenedione within-subject sample. ‘Treatment’ (p = 0.013) and ‘age’ (p = 0.007) 
were the only two variables that showed statistically significant effects on changes in 
androstenedione ‘total log ratio’ during preliminary analyses (n = 124). A statistically significant 
effect was identified on change in androstenedione ‘total log ratio’ levels between treatments, 
F(1, 121) = 6.77, p = 0.010, η2 = 0.053, after controlling for ‘age.’ ‘Age’ was also significantly 
related to androstenedione ‘total log ratio’ change, F(1, 121) = 8.03, p = 0.005, η2 = 0.062. The 
Levene’s test of homogeneity of variance was confirmed (p = 0.701). Post-hoc analysis was 
performed with a Bonferroni adjustment. Androstenedione ‘total log ratio’ change was 
statistically significantly greater in the match (M = 0.089, SE = 0.025) compared to the 
scrimmage (M = -0.002, SE = 0.021), 95% CI [0.022, 0.161].  
Cortisol within-subject sample. Exploratory analysis identified ‘treatment’ as the only 
variable that showed a statistically significant effect on cortisol ‘total log ratio’ data (n = 124), 
F(1, 122) = 10.383, p = 0.002, η2 = 0.078, where the average cortisol ‘total log ratio’ increased 
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during the soccer match treatment (M = 0.07, SE = 0.05) and decreased in the soccer scrimmage 
treatment (M = -0.14, SE = 0.04), with a mean difference of 0.21, CI [0.098, 0.30]. The Levene’s 
test of homogeneity of variance was confirmed (p = 0.077). 
 
2.5. Discussion 
The results generally support the hypotheses and predictions. Testosterone levels were 
generally below the detectable range in the majority of Hong Kongese boys, aged 8 – 11 years. 
DHEA increased during the soccer match and intra-squad soccer scrimmage for the majority of 
participants, but these increases were not associated with the independent variables (e.g., match 
play vs. intra-squad scrimmage, age, self-report measure of performance, goal scorer, and 
outcome of contest) or covariates (BMI, PDS), which contrasts with our predictions. The latter 
null findings indicate DHEA rise may be related to energetic demands of physical exertion or 
male-male coalitional competition more generally. Androstenedione increased during match play 
for the majority of competitors, but not in the intra-squad scrimmage. The degree of 
androstenedione change significantly differed between treatments and was positively correlated 
with age in the total and within-subjects samples. The aforementioned findings of testosterone, 
DHEA, and androstenedione are consistent with previous work measuring boys’ hormone 
responses to a soccer training (i.e., practice) and a soccer match among a small sample of 
juvenile boys from the U.S.A. (McHale et al. 2016). The findings suggest testosterone may play 
a reduced role in regulating male-male coalitional competition among juvenile boys when 
compared to adolescent or adult males’ physiological responses to competition (Geniole et al. 
2017). These data further support the view that boys’ acute DHEA and androstenedione 
increases are related to coalitional physical competition.  
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Consistent with studies on athletic competition and exercise that link cortisol activation 
with the neuroendocrine stress responses (e.g., Casto & Edwards 2016b; Hayes et al. 2015), the 
majority of participants’ cortisol levels increased during match play and decreased during the 
intra-squad soccer scrimmage. The latter observation was not predicted. Further, cortisol differed 
significantly between treatments: the majority of participants’ experienced increases during the 
match and decreases during the scrimmage. Our prediction that the cortisol/DHEA molar ratio 
would decrease significantly during the intra-squad scrimmage but not during the match was 
supported. When relaxed, individuals often report a decrease in cortisol and a DHEA increase, 
resulting in a cortisol/DHEA ratio decrease (Izawa et al. 2008; Kamin & Kertes 2017; Marceau 
et al. 2014). Cortisol likely dropped during the scrimmage because there was no perception of 
stress caused by the event. Despite no formal participant observations measures, it was evident 
that athletes’ dispositions were starkly different when competing during the intra-squad soccer 
competition in comparison with the soccer match. In particular, players appeared much more 
relaxed and were often observed laughing during the scrimmage treatments and serious (no 
laughing), intensely focused, and displayed a more physical style of game play during the soccer 
matches in comparison. Match play likely evoked a different psychological state among 
competitors compared to the intra-squad soccer scrimmage, such that participants were more 
stressed by coalitional competition against out-group competitors and the expectation to perform 
well in front of spectators. 
The results identified that the adrenal response to coalitional physical competition, when 
controlling for physical exertion, is not uniform for androstenedione and cortisol, and likely 
reflects cognitive appraisal differences related to competitor type, spectator effects, and 
motivation to perform well during a more meaningful competition. This is the first study to 
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identify that pre-pubescent boys’ androstenedione responses may be moderated by in-group/out-
group coalitional competition and these effects may become more pronounced with age, likely as 
the result of having more bioavailable androstenedione and/or the HPA axis becoming more 
sensitive to male-male competition as boys mature. Consistent with previous findings that report 
androstenedione increased only during soccer matches in comparison to soccer trainings 
(McHale et al. 2016), the degree of androstenedione change significantly differed during match 
play in comparison to the intra-squad soccer scrimmage. These differences may be due to boys’ 
emergent cognitive appraisal differences that likely calibrate an adaptive physiological response 
when competing against out-group competitors during a heighted competitive atmosphere. 
Humans likely evolved cognitive and physiological mechanisms to temper or heighten the 
intensity of competitive responses depending on the relationship among competitors (e.g., Flinn 
et al. 2012). Despite competitive play and aggression representing two distinct phenomena, they 
also likely share certain elements that potentially are activated during more meaningful, team, 
physical competitions, where androstenedione release appears to be most sensitive. 
Neuroimaging and social science studies have shown that specific neural activation occurs when 
encountering in-group members (Van Bavel et al. 2008) and this effect is strongest among men 
(Yamagishi & Mifune 2009). The extent to which androstenedione is converted to testosterone 
and dihydrotestosterone directly in the brain where it interacts with androgen receptors locally in 
juvenile boys to influence aggression, such as in the amygdala, remains poorly studied across the 
life course in humans. Some work has identified age and sex dependent changes in androgen 
receptor expression in the developing hippocampus in mice (Tsai et al. 2015). Adult human 
males tend to have more androgen receptors in comparison to an extremely small sample of 
children (n = 4) (Beyenburg et al. 2000). There is additional evidence in the avian literature that 
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DHEA and androstenedione concentrations in the telencephalon, an area of the brain 
homologous to the amygdala in humans, rise after antagonistic interactions of territorial defense 
when testosterone concentrations are low during the non-breeding season (e.g., Pradhan et al. 
2010). Whether the findings in the animal and adult human male literature are generalizable to 
androgen effects in young children remains speculative. It is conceivable that juveniles would 
benefit by avoiding the immunosuppressive and energetic costs of maintaining high levels of 
testosterone with a distinct, yet functionally equivalent, adaptive hormone response to regulate 
social competitive behavior across differing competitive contexts.  
These data also provide evidence that socio-competitive cognitive sensitivities to male-
male competition may emerge prior to adolescence and adulthood. Given the presumed 
importance of coalitional aggression during human evolution (Flinn et al. 2012), these findings 
lend indirect support to the hypothesis that the social environment may have favored an extended 
period of juvenile development during human evolution (Flinn et al. 2011). Heightened levels of 
play that coincide with juvenility may provide the venue for children to refine and calibrate the 
HPA axis responses to map onto their respective social ecologies in order to prepare individuals 
for the adaptive social challenges one is expected to face in adolescence and adulthood (Flinn & 
Ward 2005).  
This study also identified several intriguing and novel relationships among baseline 
adrenal hormones, competition induced hormone change, and covariates among this sample of 
boys (see Table 2.2. and Table 2.3.). Consistent with reported increases in adrenal androgen 
production during juvenile development (i.e., adrenarche), pre-competition DHEA and pre-
competition androstenedione concentrations were positively correlated across both treatments 
and positively associated with age and BMI. Pre-scrimmage DHEA, but not pre-scrimmage 
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androstenedione, was also associated with age. Interestingly, pre-competition cortisol and pre-
competition androstenedione were positively correlated, while pre-competition cortisol and 
androstenedione change were highly negatively correlated across both competitive treatments. 
Further, cortisol and androstenedione competition change were highly positively correlated 
during match play and the intra-squad scrimmage. Lastly, DHEA change, androstenedione 
change, and cortisol change were all positively correlated across both treatments. These findings 
reveal, to the first of our knowledge, a significant relationship among acute DHEA change, 
androstenedione change, and cortisol change among a sample of pre-pubescent boys engaged in 
physical coalitional competition. Pre-scrimmage androstenedione was negatively correlated with 
the androstenedione change during the instar-squad soccer scrimmage only, which further 
confirms the relationships between androstenedione baseline levels and androstenedione acute 
reactive effects differ across competitive treatments. DHEA, androstenedione, and cortisol match 
change were significantly positively associated with age, but this relationship was not found 
during the intra-squad scrimmage treatment. In other words, during match play only older boys 
experienced a greater degree of adrenal hormone increases. Perhaps, boys’ HPA axis responses 
tend to become more sensitive with age at times in which male-male coalitional competitions are 
highly meaningful and against unknown competitors.      
This study has several strengths. The data were collected under naturalistic competitive 
conditions, which in the adult literature are more likely to evoke greater and more natural 
hormone responses to physical and psychological stress in comparison to lab settings (Geniole et 
al., 2017). All U12 and U10 soccer matches were conducted at the same time of day, with 
scrimmages also conducted at similar times of day. Unlike typical hormone and competition 
research on adults, this study simultaneously measured DHEA and androstenedione, in addition 
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to testosterone and cortisol, among children using LC-MS/MS. These steroid hormones were 
assessed across the two treatments in a relatively large sample (N = 102), including 63 subjects 
for whom within-subject comparisons were performed. Lastly, reference values for steroid 
hormones during adrenarche in pre-pubertal ethnically Chinese boys are now available for future 
research. 
The study is subject to limitations. There were several participants whose DHEA levels 
did not change during either the match or scrimmage conditions, which is unusual for typical 
steroid hormone research on competition among adults. Due to the age of participants and the 
relationship between the DHEA release and adrenarche, the reported findings likely reflect the 
high number of 8.55 pg/mL values that were coded for levels of DHEA below the sensitivity of 
the assay. Additionally, participant fitness levels, competition experience, and psychological 
indices of mood and motivation, likely influence the adrenal’s capacity to respond to stress and 
may account for the individual variation observed in the reported hormone responses in this 
study. Further, despite attempts to control playing time, there are more sophisticated measures of 
physical exertion that would have allowed for more precise measures, such as heart monitors or 
accelerometers (Urlacher et al. 2017). Given the low numbers of goal scorers and wins, losses, 
and ties, the ability to detect potential differences in hormone responses related to performance 
and outcome was constrained. Finally, the composition of teams competing during the intra-
squad scrimmage treatment differed slightly from the match treatments, which was unavoidable 
due to the variable numbers of subjects who participated in each team. The potential adaptive 
interpretation of boys’ steroid hormone responses during coalitional competition requires further 
integrative research to rigorously evaluate. While extending a cultural scope to hormones and 
competition in this Hong Kong sample, further work could benefit from testing relationships 
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between children’s baseline and reactive steroid hormones in children living in hunter-gatherer 
and other small-scale societies as well as among girls and in different types of competition 
besides soccer.      
 
2.6. Conclusion 
This study shows that the adrenal hormones, DHEA, androstenedione and cortisol change 
rapidly among a non-Western population of boys engaged in physical, coalitional competition 
during middle childhood, and that adrenal responses differ depending on the context of the 
coalitional competition. Testosterone levels were low and not measurably responsive to the same 
kinds of competitive behavior previously observed in adult and adolescent males (Geniole et al. 
2017). Findings shed new light on potential proximate mechanisms associated with male-male 
coalitional physical competition among boys and the ontogeny of HPA axis activity during 
ecologically salient socially competitive contexts. Also, these findings further support the view 
that endocrine responses to male-male coalitional competition likely shift across the life course 
depending on an individual’s developmental stage. These data revealed novel relationships 
among pre-competition androgens and competition induced adrenal hormones changes across 
two coalitional competitive treatments, which warrant further exploration in order to provide a 
more nuanced interpretation of the factors underpinning HPA axis reactivity during middle 
childhood. These findings can be situated in broader discussions of human life history theory, 
ontogeny, middle childhood behavioral endocrinology, and adrenarche, while also highlighting 
reactive hormone changes in response to coalitional competition as a complement to studies 
testing relationships between baseline steroid hormones, aggression, growth and development.  
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Table 2.1. Descriptive characteristics on raw pre- and post-soccer match and pre- and post-
soccer scrimmage salivary hormone concentrations, ratio log data, molar ratios, age, BMI, and 
PDS.  
Variables Mean SD Minimum Maximum 
Age (years) 9.99 1.16 8.00 11.92 
BMI (kg・m–2) 16.44 2.58 11.80 24.59 
Pubertal Development Score 1.49 0.45 1.00 3.60 
     
Hormone Concentrations (pg/mL)     
Pre-match DHEA  36.31 48.09 8.55 388.50 
Post-match DHEA  58.19* 88.67 8.55 616.60 
Pre-match Androstenedione  9.38 6.05 2.40 38.70 
Post-match Androstenedione  12.44* 10.04 2.30 75.90 
Pre-match Cortisol  492.78 641.41 100.00 4500 
Post-match Cortisol  613.25* 693.66 0.00 5100 
Pre-scrimmage DHEA  28.09 24.34 8.55 98.40 
Post-scrimmage DHEA  40.48* 49.07 8.55 298.30 
Pre-scrimmage Androstenedione  8.45 5.52 1.40 33.40 
Post-scrimmage Androstenedione  8.95 5.49 1.40 33.40 
Pre-scrimmage Cortisol  532.10 548.14 100 3900 
Post-scrimmage Cortisol  458.02* 571.15 100 3200 
     
Cortisol and DHEA molar ratios     
Pre-match DHEA (nmol/L)  0.13 0.17 0.03 1.35 
Post-match DHEA (nmol/L)  0.20* 0.31 0.03 2.14 
Pre-match Cortisol (nmol/L)  1.36 1.77 0.28 12.42 
Post-match Cortisol (nmol/L 1.69* 1.91 0.00 14.07 
Pre-match Cortisol/DHEA  20.03 26.90 0.00 155.25 
Post-match Cortisol/DHEA  18.02 27.75 0.00 165.67 
Pre-scrimmage Cortisol/DHEA  25.96 34.16 1.04 202.33 
Post-scrimmage Cortisol/DHEA  18.23* 27.57 1.08 193.00 
NOTE. Asterisk represents p-value < 0.05 between pre- and post-competition levels. DHEA, 
androstenedione, cortisol and cortisol/DHEA molar ratio analyses relied upon the Wilcoxon 
signed-rank sum test. For convention, means, minimum, and maximum values are displayed. 
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Figure 2.1. Total androstenedione log ratio mean change difference across the soccer match and 
intra-squad soccer scrimmage treatments, p = 0.009 (N = 162). Error bars represent ± 1standard 
error from means. 
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Figure 2.2. Total androstenedione log ratio mean change plotted against subjects’ age, p = 0.002 
(N = 162).  
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Figure 2.3. Total cortisol log ratio mean change difference across the two treatments, p < 0.001 
(N = 163). Error bars represent ± 1 standard error from means. 
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CHAPTER 3 
The next chapter details boys’ and girls’ testosterone, estradiol, DHEA, androstenedione, 
and cortisol responses during an in-class math competition among a sample of 45 juvenile 
children. Psychosocial measures related to performance and BMI and pubertal development were 
further assessed. These data provided foundational comparative insight into whether boys and 
girls experience similar patterned changes in salivary steroid hormones while competing in a 
mixed-sex team competition. Further, non-physical team competition provides a complementary 
methodological framework to my previous work on physical, team, competition (soccer) among 
boys (McHale et al. 2016; McHale et al. under review-a). Pre-match adrenal hormone 
concentrations and hormone change correlational analyses were also assessed. 
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Abstract 
Little psychoneuroendocrine research has focused on steroid hormone responses to non-
physical competition during middle childhood. This study investigated acute salivary steroid 
hormone responses among Hong Kongese children (N = 45), aged 9-10 years, during a team, 
mixed-sex, math competition. We compared boys’ and girls’ competition induced hormone 
changes and explored whether psychosocial variables, such as participation, class team rank, and 
performance measures moderated hypothalamic-pituitary-adrenal (HPA) axis activity while 
controlling for age, Body Mass Index, and pubertal development. Simultaneous measures of 
testosterone, estradiol, dehydroepiandrosterone (DHEA), androstenedione and cortisol were 
collected among ethnically Chinese boys (n = 18) and girls (n = 27). Testosterone and estradiol 
levels were generally low and unmeasurable. Similar patterned hormone changes were observed 
among both sexes despite girls possessing higher levels of androstenedione. Nearly every 
competitor experienced decreases in cortisol and cortisol/DHEA ratio. DHEA and 
androstenedione did not significantly change during the competition among the total sample. A 
significant association was observed between DHEA change and class team rank, indicating that 
competitors from teams who performed worse tended to experience larger decreases. Among 
active competitors, performance measures (e.g., number of correct responses) predicted DHEA 
change and androstenedione change, but not cortisol change, suggesting that DHEA and 
androstenedione are sensitive to psychosocial variables relevant to competition. Cortisol ratio 
change was positively correlated with age. These data provide new insight into HPA axis activity 
during social competition among juveniles, life history approaches to adrenarche, while 
highlighting participation and performance measures that are worthy of methodological 
consideration for future research.     
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3.1. Introduction 
Most psychoneuroendocrine research on human competition and aggression have focused 
on adult testosterone and cortisol responses during male-male physical and non-physical 
competition (Casto & Edwards 2016b; Geniole et al. 2016; Gray et al. 2017). Testosterone and 
cortisol responses are related to physical exertion, self-efficacy, winner and loser effects, 
competitor type, measures of performance and a competitor’s motivation to win (e.g., de 
Almeida et al. 2015; Flinn et al. 2012; Salvador & Costa 2009; Suay et al. 1999; Trumble et al. 
2013). Approximately 2-3 times as many studies have been published investigating hormone 
responses during competition among adult males than females (for review see: Casto & Prasad 
2017). Although natural selection shapes competitive behavioral strategies in sex-specific ways 
(Stockley & Campbell 2013), with men and boys tending to be more attracted to sports 
irrespective of cultural context (Deaner & Smith 2013), research has also shown that men and 
women are equally competitive when it comes to academic achievement, status, and financial 
success (e.g., Cashdan 1998).  
Little research has investigated acute hormone responses of boys or girls during 
competition. Accordingly, little is known about the potential involvement of steroid hormones 
such as dehydroepiandrosterone (DHEA) or androstenedione in addition to or rather than 
testosterone or estradiol at this life stage. It is also unclear whether potential hormone responses 
to competition can be separated from physical activity (see Collomp et al. 2015) and whether 
responses are contingent upon performance variables such as effort or winning/losing (the kind 
of variables identified as important in the adult hormones and competition literature). The 
initiation of adrenal androgen production known as adrenarche occurs around 6-8 years of age in 
both boys and girls universally and continues to rise until the mid-20s (Campbell 2011; Ellis 
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2004). From a life history standpoint, it remains unclear why the juvenile transition coincides 
with the surge of DHEA and androstenedione from the adrenal glands (Del Giudice et al. 2009; 
Kushnir et al., 2010). Only our previous two studies, to our knowledge, have attempted to 
investigate the acute reactive effects of multiple steroid hormones simultaneously during an 
athletic competition among juvenile boys. Our recent work revealed that juvenile boys from 
urban Western and non-Western populations, between 8-11 years of age, experienced similar 
patterned significant increases in DHEA, androstenedione during physical, coalitional 
competitions, while testosterone levels remained low and unresponsive (McHale et al. 2016; 
McHale et al. under review-a). Further, among a sample of 102 boys, cortisol significantly 
increased during a soccer match and significantly decreased during a soccer scrimmage against 
peers, while their cortisol/DHEA ratios significantly decreased during the scrimmage only 
(McHale et al. under review-a). These preliminary findings suggest boys’ endocrine responses to 
coalitional competition differs when compared with adult males participating in similar forms of 
coalition competition, such as soccer competition (Geniole et al. 2016). These findings also 
indicate that juvenile boys’ hypothalamic-pituitary-adrenal (HPA) axis activity during physical 
competition might be contingent upon the context of competition (e.g., match vs. scrimmage) 
and competitor type (e.g., out-group), shedding light on the factors which stimulate acute 
reactive DHEA and androstenedione changes during middle childhood development. The results 
raise intriguing questions whether DHEA and androstenedione serve as important endocrine 
regulatory mechanisms associated with aggression and competitive behavior prior to the onset of 
gonadarche.  
There is evidence that testosterone, cortisol, DHEA and potent estrogens, such as 
estradiol, are related to competitive aggression in adult females (e.g., Aizawa et al. 2006; 
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Cashdan 2003; Casto & Edwards 2016a; Geary et al. 2001). It is unknown if these findings are 
generalizable to children, who have low levels of testosterone and estrogen. To our knowledge, 
only Mazdarani et al.’s (2016) study has examined acute adrenal hormone change during a team 
sports competition among a small sample of prepubescent girls (N = 12), 10-11 years of age. The 
implications of this study regarding the assessment of HPA axis reactivity in girls are limited due 
to the small sample size and because cortisol increases were the only adrenal hormone assessed. 
Inoff-Germain et al. (1988) found that baseline androstenedione and estradiol concentrations 
were correlated with anger and aggression among a sample of girls 9-14 years of age, while this 
effect was not found in boys. These findings highlight potential baseline sex differences in 
children’s steroid hormones related to regulation of antagonistic behaviors.  
Moreover, it is unknown if young boys and girls experience similarly-patterned acute 
changes in steroid hormones during non-athletic forms of competition. To date, no studies have 
investigated multiple salivary steroid hormone measures among juvenile boys or girls during 
non-physical competition. Thus, a non-physical competitive experimental design could allow us 
to extend the notion that the HPA axis may be sensitive to competition and psychosocial 
variables prior to puberty, while eliminating confounding effects of physical exertion (Collomp 
et al. 2015).  
To address these gaps in the literature, we designed an in-class math competition with the 
aim of exploring multiple steroid hormones (testosterone, estradiol, cortisol, DHEA, and 
androstenedione) changes during a non-physical competition among male and female 
prepubescent competitors. Forty-five ethnically Chinese boys and girls, 9-10 years of age, from 
two primary schools in Hong Kong participated. Hormone measures were assessed while 
controlling for age, body mass index (BMI) and pubertal development. We sought to address 
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three aims. First, we explored whether a school-based math competition might elicit acute 
changes in DHEA, androstenedione, and cortisol rather than testosterone (in boys) or estradiol 
(in girls). This is because testosterone and estradiol are sex steroids that increase in production 
following gonadarche, while it has been suggested that adrenal hormones may play an 
underappreciated role in supporting children’s social development and responsiveness to 
competitive environments (Capranica et al. 2012; Del Giudice et al. 2015; Gray et al. 2017). 
Second, we attempted to identify physiological (e.g., age) and psychological variables 
(e.g., level of participation, team and individual performance) associated with the degree of 
hormone changes during competition. Given that older children are likely to possess higher pre-
match (baseline) DHEA and androstenedione levels differences associated with age may lead to 
greater HPA activation (Kushnir et al. 2010). Psychosocial variables have also been shown to 
influence acute steroid hormone changes in adults engaged in various competitive contests 
(Casto & Edwards 2016b; Geniole et al. 2016), and the same variables may also be relevant for 
eliciting different hormone responses in children. This study explored the effects of active 
participation in the math competition to better assess what factors likely calibrate HPA axis 
activity during middle childhood competition. In our view, a degree of participation in the 
competition likely reflects a higher level of competitive engagement, which could be an 
indication of effort and higher motivation to compete, all of which could influence hormone 
responses to competition (e.g., Salvador & Costa 2009; Suay et al. 1999).    
Third, we sought to examine potential sex differences in hormone changes. Although 
girls develop more quickly, on average, compared with boys, the biochemical hallmark of the 
juvenile transition is the pre-pubertal release of adrenal precursor hormones, such as DHEA and 
androstenedione. Evolutionary theorists have speculated that this endocrine process can have 
 68 
powerful neural and endocrine downstream effects on behavior, setting the ontogeny of social 
behavior (Del Giudice et al. 2009). We, therefore, sought to explore if steroid hormones exert 
similar functional roles in both girls and boys, where competition expressed as play may serve a 
vital role in shaping childhood social development (i.e., plasticity) towards adulthood. 
When compared with Western cultural contexts, Hong Kong children outperform nearly 
all other children cross-culturally in reading and math, as reflected by their standardized test 
scores (Chou 2012; Phillipson 2006). Hong Kong youth are routinely faced with intense social 
pressure from parents and peers, along with high academic competition to perform in the 
classroom from early on in a child’s education (Ingham 2007). Jankowiak et al. (2011) noted that 
among contemporary Chinese society, there is a “fanatical obsession with a child’s classroom 
performance” whereby Hong Kong teachers and parents share a common value system, boys and 
girls are pushed to embrace a life-orientation that reinforces social status as an extension of 
academic achievement. Thus, this population of children and experimental design was chosen 
due to the unique cultural milieu of Hong Kong which should promote high academic 
competition among all participants. Put another way, testing children’s hormone responses to a 
math competition in this sample of Hong Kong students are designed to be ecologically salient.   
 
3.2. Methods  
3.2.1. Locale and participants 
Boys and girls from two elite Chinese primary schools, one public and one private, were 
recruited to participate due to the high-quality education standards demonstrated at these schools 
and the high caliber of students. Participants (public primary school: n = 26; private primary 
school: n = 21) were recruited from their respective primary schools located in Kowloon, Hong 
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Kong. Twenty-eight girls and 19 boys from three classrooms participated. Each classroom had 
between 27 – 32 total students on the days of the competition. All students participated in the 
math competition even if they did not take part in the hormone study. Children on hormone 
medication were excluded from participating. One boy and one girl participant provided 
inadequate amounts of post-match saliva samples to enable testing and thus were not included in 
the data analyses. Parent and Child Informed Consent Forms were available in Cantonese and 
English and were signed by each participant and at least one parent or legal guardian prior to the 
day of the competition. The University of Nevada, Las Vegas, and the University of Hong Kong 
Institutional Review Boards approved the study procedures and protocols.  
 
3.2.2. Saliva collection 
To address circadian rhythms affects (Groschl 2003), all math contests occurred in the 
mornings during a regularly scheduled math class period. Pre-match saliva samples were 
collected 10-minutes before the start of the math competition and post-match samples were 
immediately collected after it was completed. Each participant provided ~3 ml of passive drool 
saliva. Saliva collection during field research is a simple, non-invasive, and relatively stress-free 
alternative to serum and plasma sample collection (Gatti & De Palo 2011). Salivary samples 
were immediately stored at -20 degrees Celsius upon collection and shipped to ZRT Laboratory 
in Beaverton, Oregon. Two of the match competitions were simultaneously conducted in two 
separate classrooms on November 18, 2016. Each contest began at 8:25 AM and ended at 8:50 
AM. The third math competition occurred on November 19, 2016, and lasted from 10:30 AM – 
10:55 AM. 
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3.2.3. Math competition experimental procedures 
Before the start of the math competition, teachers divided the students into random teams 
consisting of four students per team, consisting of mixed-sexed teams. Desks were rearranged so 
that teams of four were sitting next to teammates only and facing the front of the classroom. If 
there was an uneven number of students in the classroom then a team would consist of only three 
teammates. Each classroom had relatively equal numbers of boys and girls. The first two 
classrooms to participate had 7 teams each while the third classroom had 8 teams. All teams 
participated against one another simultaneously in their respective classrooms. 
Before the start of the math contest, the teacher read the rules of the math competition 
aloud to the competitors. Additionally, the teacher informed the students that the winning team 
would be awarded a prize provided by the research team, which consisted of a medium-sized 
present, covered in wrapping paper and a bow, and filled with food and sweets. The present was 
made visible to all of the participants at the beginning of each competition. Every team started 
the contest with 100 points. Each team received an additional 20 points for each correct response 
and lost 10 points for an incorrect response. The first student to stand up when presented with a 
new math question was called upon to answer that question by the teacher and was then allowed 
no more than 3 seconds to answer the question. If a student was called upon and failed to answer 
the question in under 3 seconds, or if they answered incorrectly, that student’s team had 10 
points deducted from their total score. Students were only given one chance to answer the 
question correctly and then the next question was presented to the classroom in a rapid-fire 
succession. Students could use paper and pencil to calculate the answer to the question and 
confer with their teammates before standing up to answer. 
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An 80 question PowerPoint presentation was crafted ahead of time by one of the 
participating teachers. The slide presentation was used to present each question to the students in 
succession. For consistency, the same slide deck was used in each of the three classrooms to 
ensure participants were given the same questions to answer over the same duration of time. 
Each PowerPoint slide had one math question written in Cantonese. A research assistant helped 
keep track of team scores so that it was visible on the board in front of the classroom for all 
participants.  
At the end of each competition participants were instructed to fill out a short 
questionnaire and then their heights and weights were recorded using an anthropometer and 
scale, allowing for calculation of participants’ BMI. Each questionnaire contained 6 questions 
that asked for participants’ age, team outcome, number of questions answered correctly, number 
of questions answered incorrectly, number of points their team scored, and their self-rated 
overall performance. If a participant failed to provide how many questions they answered 
correctly and/or incorrectly then the blank response(s) was coded as zero. Additionally, 
participants completed the Pubertal Development Scale (PDS), a self-report measure of pubertal 
status, where participants’ scores (M = 1.25, range: 1.0 – 2.0) confirmed no participants had 
undergone puberty (Petersen et al. 1988). 
 
3.2.4. Hormone determination 
Saliva samples were assayed by ZRT Laboratory using liquid chromatography–tandem 
mass spectrometry (LC-MS/MS), the most preferred method of salivary hormone analysis 
available due to its superior analytical specificity and low variation (Büttler et al. 2015; 
Handelsman & Wartofsky 2013; Nave et al. 2017). For testosterone, 35 out of 45 pre-match 
 72 
levels (78%) and 39 out of 45 post-match levels (87%) were below the detection limit of the 
assay (< 3.2 pg/mL). For estradiol, 20 out of 27 pre- and post-match levels (74%) were below the 
sensitivity of the assay (0.24 pg/mL) in girls. Therefore, no statistical analyses were conducted 
on testosterone and estradiol. Ten out of 45 pre- and post-match saliva samples (22%) of DHEA 
were below the detection limit (17.1 pg/mL). Consistent with previous methodologies (e.g., 
McHale et al., 2016), although exact measures are not available, below sensitivity values of 
DHEA were considered important data points indicative of low hormone concentrations. Thus, 
each measure below sensitivity was assigned a value that is one-half of the minimum detection 
limit resulting in 20 out of 90 values of 8.55 pg/mL of DHEA. Cortisol and androstenedione 
were detectable in all 90 samples. The intra-assay coefficient of variation for all analytes tested 
range from 2.7 to 15.7 % over the following hormone concentrations: testosterone (9.8–
83.5 pg/mL); estradiol (0.7-24.7 pg/mL); DHEA (35.6–567 pg/mL); androstenedione (21.3–
343 pg/mL); cortisol (400–13700 pg/mL). Inter-assay precision over the same hormone 
concentrations ranges from 4.3 to 18.7%. 
 
3.2.5. Statistical methods 
Age, BMI, and PDS were assessed as control variables. Sex, class team rank, self-report 
measure of performance rating (e.g., 1= poor performance, 5 = excellent performance), and 
participation were analyzed as independent variables among the total sample (N = 45). 
Competitors were coded as 0, ‘non-active,’ if they failed to attempt to answer one question 
during the math competition and 1, ‘active participant,’ if they attempted to answer at least one 
question. Relationships among active participants’ hormone change and number of correct 
responses, incorrect responses, and overall individual performance (calculated by the number of 
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correct responses – number of incorrect responses) were further explored as potential moderating 
independent variables in the active participant sample only. The relationship between class team 
rank, self-reported measure of performance (ordinal variables), and hormone change were 
investigated separately. Class team rank was determined by coding teams based on the place in 
which they finished the competition per their respective classrooms, with a ‘1’ indicating last 
place finishing teams and a ‘6’ for the top scoring teams.  
Preliminary analyses of pre-match concentrations of DHEA, androstenedione, cortisol, 
and cortisol/DHEA molar ratios relied upon Mann-Whitney U statistical analyses to assess 
potential pre-match sex differences utilizing the raw values. Further, the Spearman’s Rank-Order 
Correlation analyzed the relationships among raw pre-match DHEA, androstenedione and 
cortisol hormone levels, competition hormone change (post-match – pre-match concentrations), 
and control variables among boys and girls as two independent groups due to the presence of 
significant pre-match androstenedione differences. The Wilcoxon Signed-Rank Sum Test was 
performed on the raw hormone concentrations and cortisol/DHEA molar ratio data to assess 
potential competition induced hormone changes. An independent samples t-test was performed 
to determine if a sex difference exists between the mean hormone change among competitors 
during the competition.  
All hormone data underwent normality tests. Cortisol/DHEA molar ratios were also 
calculated and included as they have been proposed as a more accurate indicator of overall HPA 
axis activity (Kamin & Kertes 2017). Pre- and post-match hormone data were non-normally 
distributed for all hormone concentrations as were cortisol/DHEA molar ratio data in the total 
sample. DHEA and androstenedione hormone ‘change’ (post-match – pre-match concentrations) 
were utilized as the dependent variables in the total sample of participants and were normally 
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distributed, while cortisol change was non-normally distributed. In order to normalize the 
cortisol change data, a cortisol ‘ratio change’ variable was created as an alternative dependent 
measure of cortisol competition change. This was achieved by dividing post-match cortisol by 
the pre-match levels, which allowed for directionality to be maintained while eliminating 
negative values.  
Spearman’s correlation was employed to analyze the association between hormone 
changes and the ordinal independent variables (e.g., class team rank and self-report performance 
rating). Given that 25 out of 45 competitors failed to attempt to answer at least one question, we 
were unable to investigate whether performance impacted hormone changes among the total 
sample. However, an ANCOVA was conducted to investigate possible mean differences in 
DHEA change, androstenedione change, and cortisol ratio change (post-match / pre- match 
concentrations) related to level of participation (between-group factor), while controlling for age, 
BMI, and PDS (covariates). 
Correlation, linear, and multiple regression analyses were conducted to examine the 
relationship between the active participants’ number of correct responses, incorrect responses, 
and overall individual performance (correct responses – incorrect responses), along with 
hormone changes and control variables (n = 20). Wilcoxon Signed-Ranks Tests were also 
employed to investigate pre- and post-match changes among active participants. All tests are 
two-tailed (α = .05) and were carried out using SPSS statistical software.  
 
3.3. Results 
Descriptive characteristics of age, BMI, PDS, salivary hormone concentrations, and 
molar ratio data are provided in Table 3.1. Hormone concentrations presented in the table reflect 
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the raw and mean hormone values. Testosterone and estradiol levels were low and generally 
below the detectable range in the majority of participants and therefore excluded from 
subsequent analyses. 
 
3.3.1. Preliminary analyses 
Boys’ and girls’ pre-match hormone concentrations. The Mann-Whitney U test 
revealed boys’ (Mdn = 30.15 pg/mL) and girls’ (Mdn = 31.50 pg/mL) pre-match DHEA and 
cortisol levels (boys and girls Mdn = 700.00 pg/mL) did not significantly differ (p > 0.05). A 
significant difference was observed in androstenedione pre-match concentrations, such that girls 
experienced significantly higher pre-match levels (Mdn = 23.70 pg/mL) compared with boys 
(Mdn = 11.05 pg/mL), U = 106.50, p = 0.002, r = -0.47. The observed sex differences in pre-
match androstenedione levels are consistent with evidence that girls typically advance through 
adrenarche more quickly than boys. Thus, competition effects on hormone changes compared 
boys and girls separately (see section 3.3.2). Cortisol/DHEA molar ratios between sexes did not 
significantly differ (p > 0.05) despite a 39.93% mean pre-match levels difference (boys M = 
45.58; girls M= 27.38). 
Correlations between raw pre-match hormone concentrations, hormone change, BMI, and 
PDS are presented in Table 3.2. (boys) and Table 3.3. (girls). Age and the hormone measures did 
not pass this visual inspection (non-monotonic) and therefore were not included in these 
analyses. All remaining associations reported between variables passed the visual inspection of 
the scatterplot determining a monotonic relationship existed. A significant positive correlation 
was observed between boys’ (n =18, rs = .71, p = 0.001) and girls’ (n = 27, rs = .41, p = 0.035) 
pre-match DHEA and pre-match androstenedione levels, likely due to the known association 
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between DHEA and androstenedione release that is characteristic of adrenarche. A positive 
correlation was identified among boys’ (n =18, rs = 0.53, p = 0.023) and girls’ (n = 27, rs = 
0.48, p = 0.011) pre-match DHEA concentration and BMI. Consistent with developmental links 
between adrenarche and androstenedione release, girls’ (n = 27, rs = .49, p = 0.01) pre-match 
androstenedione and PDS were positively correlated, while boys approached a significant 
positive correlation (n =18, rs = .46, p = 0.053). Both boys’ (n =18) and girls’ (n = 27) pre-match 
cortisol levels were highly negatively correlated with cortisol change, p < 0.001 (boys: rs = -
.86, girls: -.83), indicating that participants with higher pre-match (baseline) cortisol levels had a 
significantly greater magnitude of cortisol decrease during the math competition. A significant 
positive correlation was shown between cortisol change and androstenedione change in both 
boys (n =18, rs = .85, p < 0.001) and girls (n =27, rs = .53, p = 0.004). In other words, the 
magnitude of cortisol decrease was correlated with a decrease in androstenedione change during 
the competition. Lastly, a significant negative correlation was observed in boys’ pre-match 
cortisol and change in androstenedione (n =18, rs = -.70, p = 0.001), but not with BMI or PDS or 
in girls (n = 27, p > 0.05). The remaining hormone measures and control variables were not 
related (p > 0.05). 
 
3.3.2. Competition effects on hormone change: Total sample. 
A Wilcoxon Signed-Ranks Test indicated that DHEA did not significantly change in 
boys’ (pre-match Mdn = 30.15 pg/mL, post-match Mdn = 25.60 pg/mL, z = -0.09) or girls’ (pre-
match Mdn = 31.50, post-match Mdn = 35.30, z = -1.63) or in the combined total sample, N = 45, 
p > 0.05. Additionally, no significant changes in androstenedione levels were observed in boys 
(pre-match Mdn = 11.05 pg/mL, post-match Mdn = 7.40 pg/mL, z = -0.17) or girls (pre-match 
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Mdn = 23.70 pg/mL, post-match Mdn = 24.20 pg/mL, z = -1.00), p > 0.05. However, all 18 boys 
and 25 out of 27 girls experienced decreases in cortisol during the competition (one tie). A 
highly statistically significant decrease in boys’ (pre-match = 700.00 pg/mL, post-match = 400 
pg/mL, z = -3.74) and girls’ (pre-match Mdn = 700.00 pg/mL, post-match Mdn = 500.00 pg/mL, 
z = -1.63) cortisol levels were detected in both groups and again when analyzed in the combined 
total sample (pre-match Mdn = 700.00 pg/mL; post-match Mdn = 400.00 pg/mL, z = -5.73), p < 
0.001 (Figure 3.1). Further, seventeen out of 18 boys and 26 out of 27 girls experienced 
decreases in their cortisol/DHEA molar ratios. One boy and one girl experienced an increase. A 
highly statistically significant decrease was observed in both boys’ (pre-match Mdn = 31.12, 
post-match Mdn = 14.80, z = -3.33) and girls’ (pre-match Mdn =15.14, post-match Mdn = 9.23, z 
= -4.47) cortisol/DHEA molar ratios in addition to the total sample (pre-match Mdn = 15.25, 
post-match Mdn = 11.48, z = -5.51), p ≤ 0.001 (Figure 3.2). These results add support that boys 
and girls experienced similar patterned HPA activation during the math competition. 
 
3.3.3. Boys’ and girls’ hormone changes  
A series of independent samples t-tests were conducted to compare the mean differences 
in DHEA change, androstenedione change, and cortisol ratio change between boys (n = 18) and 
girls (n = 27). No significant sex differences were observed when comparing mean competition 
changes of DHEA (boys: M = 0.21 pg/mL, SD = 10.00 pg/mL; girls: M = -3.24 pg/mL, SD = 
11.29 pg/mL), t(43) = -1.05, p = 0.30, androstenedione (boys: M = -0.54 pg/mL, SD = 4.22 
pg/mL; girls: M = -1.21 pg/mL, SD = 4.50 pg/mL), t(43) = -0.50, p = 0.62, or cortisol ratio 
change (boys: M = 0.55, SD = 0.19; girls: M = 0.60, SD = 0.21), t(43) = 0.81, p = 0.42. These 
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results indicate that boys and girls experienced similar hormone responses during the match 
competition.  
 
3.3.4. Hormone change: Class team rank, self-reported performance, participation  
Subsequent analyses involving measures of DHEA and androstenedione change and 
cortisol ratio change utilized the total sample, given the aforementioned null results which 
confirmed no sex differences were observed in the mean hormone changes for all three hormone 
measures (see section 3.3.3). A statistically significant positive correlation was identified 
between DHEA change and class team rank (Figure 3) in the total sample (N = 45), rs = 0.31, p = 
0.039, which included all competitors irrespective if they attempted to answer at least one of 
more questions. Subsequent analysis was performed on competitors who did not attempt to 
answer any questions (N = 25), indicating a lack of active participation during the math 
competition. A significant positive correlation was revealed in non-active participants’ DHEA 
change and class team rank, rs = 0.45, p = 0.026.  There was no relationship between team rank 
and androstenedione change or cortisol change (p > 0.05). Lastly, self-reported measure of 
individual performance was not related to the three dependent variables (p > 0.05).  
Total sample ANCOVA. Twenty (8 boys, 12 girls) out of 45 competitors attempted to 
answer at least one question during the math competition. No significant effects of participation 
on DHEA and androstenedione competition change, or cortisol ratio change were detected (p > 
0.05). Age had a significant effect on cortisol ratio change, F (1, 40) = 10.27, p = 0.003, R2 = 
0.28, such that older participants experienced significantly less of a decrease in post-match 
cortisol (Figure 3.4). Levene’s test and normality checks were carried out and the assumptions 
met. 
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3.3.5. Active participants’ hormone changes and performance 
We assessed active participants (n = 20) hormone concentration change and performance 
measures while controlling for age, BMI, and PDS. As a first step, we examined correlations 
among the independent variables and controls among DHEA and androstenedione change, along 
with cortisol ratio change. One outlier was removed (greater than 3 SDs) from the individual 
performance and participants’ number of correct responses data to normalize the distribution (n = 
19). If a significant relationship was identified, linear or multiple regression analyses were 
performed. Further analyses were performed to ensure no violation of normality or linearity. 
A statistically significant positive correlation was identified between DHEA change and 
the number of incorrect responses reported (n = 20), r = 0.55, p = 0.011, and approached a 
significant positive correlation with number of correct responses, r = 0.45, p = 0.051, but was not 
related to overall individual performance, age, BMI, or PDS (p > 0.05). A simple linear 
regression was then calculated to predict DHEA change based on the number of incorrect 
responses attempted. A significant regression equation was found F(1, 18) = 7.93, p = 0.011, 
with an R2 = 0.31, a moderate effect size. Participants’ DHEA change is equal to -9.73 + 3.86 
(number of incorrect responses) pg/mL. In other words, participants’ DHEA change increased 
3.86 per incorrect response.  
Androstenedione change was positively correlated with active participants’ number of 
correct responses (r = 0.49, p = 0.035) and overall individual performance (r = 0.58, p = 0.009), 
and BMI (r = 0.46, p = 0.043), but not with the number of incorrect responses, PDS, or age, p > 
0.05. As a second step, multiple regression was used to examine the relationship between 
individual performance and BMI to predict androstenedione change. The number of correct 
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responses was highly correlated with overall individual performance (r = 0.90, p < 0.001) and 
therefore these data were not included in the model. A significant regression equation was 
produced, F(2, 16) = 11.36,  p = 0.001, with a large effect size accounting for 59% of the total 
variance in the model, R2 = 0.59 (see Table 3.4).  
Cortisol ratio change was unrelated to all performance measures, BMI, and PDS (p > 
0.05), but was significantly positively correlated with age, r = 0.528, p = 0.017. A significant 
regression equation was detected, F(1,18) = 6.95, p = 0.017, with an R2 = 0.28. Participants’ 
cortisol ratio change is equal to -1.15 + 0.17 (age) units when age is measured in years. Thus, 
participants’ cortisol ratio increased 0.17 units per year.  
 
3.3.6. Active participants’ competition changes 
Pre-match differences in boys’ (n = 8) and girls’ (n = 12) raw cortisol and 
androstenedione levels were identified (p < 0.05), thus Wilcoxon Signed-Ranks Tests were 
performed separately on boys and girls among the active participant sample. Consistent with 
previous analyses (section 3.3.2.), all boys, and all but one girl, experienced a significant 
decrease in cortisol (boys: pre-match Mdn = 1.2 ng/mL; post-match Mdn = 0.65 ng/mL, z = -
2.53, p = 0.012; girls:  pre-match Mdn = 0.75 ng/mL, post-match Mdn = 0.45 ng/mL, z = -2.99, p 
= 0.003). No significant changes were observed in boys’ DHEA or androstenedione raw levels (p 
> 0.05). However, in contrast with our main reported findings, active participating girls 
experienced significant decreases in DHEA (pre-match Mdn = 27.05 pg/mL, post-match Mdn = 
23.95 pg/mL, z = -2.22, p = 0.026) in 10 out of 12 samples (one-tie) and androstenedione (pre-
match Mdn = 11.00 pg/mL, post-match Mdn = 9.55 pg/mL, z = -1.92, p = 0.05) in 9 out of 12 
samples.  
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3.4. Discussion 
The aim of this study was to investigate salivary steroid hormone responses in Hong 
Kongese boys and girls, aged 9-10 years, during a team, mixed-sex, academic (math) 
competition. We tested the extent to which hormone change in boys and girls during non-
physical competition were similar. In addition, we investigated the extent to which psychosocial 
variables, such as participation, class team rank, and performance measures moderate HPA axis 
activity during competition while controlling for age, BMI, and PDS.   
 
3.4.1. Preliminary findings  
Salivary androstenedione pre-match (baseline) levels, but not pre-match DHEA or 
cortisol levels, were significantly higher in girls compared with boys despite participants’ similar 
biological age. DHEA pre-match mean levels were 22% higher in girls, which is consistent with 
previous studies indicating that girls’ baseline DHEA and androstenedione serum concentrations 
tend to be higher in comparison to boys of similar ages (Kushnir et al. 2010). These findings are 
consistent with life history differences whereby girls tend to have faster life history trajectories 
compared with boys cross-culturally (e.g., Ellis, 2004).  
A rise in adrenal androgens is a hallmark of juvenility and adrenarche (Del Giudice et al. 
2009) where DHEA rise is often employed as a characteristic marker (Rege & Rainey 2012). 
Consistent with this endocrine process, a significant positive correlation was observed between 
juvenile boys’ and girls’ pre-match DHEA and pre-match androstenedione levels. This 
association also may reflect androgen biosynthesis effects, which involves the conversion of 
DHEA to androstenedione (Kushnir et al. 2010). Consistent with previously reported findings, a 
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positive correlation was also identified among boys’ and girls’ pre-match DHEA and BMI (Ong 
et al. 2004). Fat stores (greater BMI) and adrenal androgens, such as DHEA-S, have been shown 
to positively correlate among naturalistic population, aged 8-23 (Hodges-Simeon et al. 2017). 
Pre-match androstenedione and PDS were positively correlated for girls and approached 
significance among boys (p = 0.053). This sex difference likely reflects boys’ slight delay in 
adrenal maturation compared with girls in this sample. Individuals who scored higher on the 
PDS are expected to be in a more advanced developmental state. Consistent with this 
expectation, the PDS confirmed that participants who reported higher scores tended to possess 
higher baseline androstenedione levels. Interestingly, this effect was not found for DHEA.  
A significant relationship was identified in boys’ and girls’ pre-match cortisol and change 
in cortisol, along with change in cortisol and change in androstenedione, but not with pre-match 
DHEA and DHEA change or with pre-match androstenedione and androstenedione change. Boys 
also had a significant negative association with pre-match cortisol and androstenedione change, 
but this relationship was not found in girls. These results provide preliminary evidence that 
androstenedione and cortisol HPA activity are linked in juveniles when experiencing acute 
stressors of competition. Evidence among adults, such as the ‘Dual Hormone Hypothesis,’ has 
reported a consistent link between cortisol and testosterone as a predictor of attained status 
(dominance) and cortisol influencing testosterone activity among adults (e.g., Mehta & Prasad 
2010; Mehta & Prasad 2016; Sherman et al. 2016).  
Pre-match cortisol was highly negatively correlated with cortisol change among both 
sexes, indicating that participants who had higher pre-match cortisol levels also experienced 
larger cortisol decrease during the math competition. This may be related to anticipatory rises in 
cortisol that have been reported to occur in previous competition studies where cortisol levels 
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tend to be higher before the start of a competition relative to the same time on a neutral non-
competition day (Casto & Edwards 2016b). Higher pre-match cortisol may also be related to 
heightened stress induced by the experimental competitive treatment of the math competition.  
A significant positive correlation was shown between cortisol change and 
androstenedione change. The greater the decrease in cortisol the greater the decrease in 
androstenedione. Parallel findings were also reported in our previous work where Hong Kongese 
boys’ (8-11 years) pre-competition cortisol, change in cortisol, change in androstenedione, and 
change in cortisol was significantly related during soccer matches and intra-squad soccer 
scrimmage competitions (McHale et al. under review-a). Similarities also emerge when 
comparing the results from a non-physical, dyadic competition among college aged men, where 
change in testosterone (androstenedione was not measured), pre-competition testosterone, pre-
competition cortisol, and cortisol change were related (Mehta & Josephs 2006). The overall 
relationships among boys’ cortisol and androstenedione measures during competition, and 
cortisol and testosterone in men, suggest that a similar regulatory relationship may exist in the 
context of physical and non-physical competition during middle childhood (Mehta & Prasad 
2016). Mehta and Josephs (2006) speculated that work on animals suggests cortisol suppresses 
testosterone secretion and thus testosterone/cortisol ratio is one indicator of anabolic/catabolic 
balance. This is consistent with our findings among boys, such that higher pre-match cortisol 
levels were related to larger androstenedione decreases. Other work on adults has further 
speculated that testosterone, cortisol, and mood states may interact in regulating the HPA axis 
activation after social competition (Zilioli & Watson 2013). Given the paucity of literature on 
boys and girls steroid hormone responses to competition, the data presented here provide new 
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directions for future research that examines the interplay between acute juvenile adrenal 
hormone responses.  
 
3.4.2. Effects of competition on hormone change among total sample 
Testosterone and estradiol levels were generally low and unmeasurable, suggesting they 
serve a lesser role in the context of middle childhood non-physical competition in comparison to 
the reactive effects observed in adolescence and adult steroid hormone and competition 
literature.  
Additionally, every boy, and nearly every girl experienced a decrease in cortisol and 
cortisol/DHEA ratio. In light of the known neuroendocrine stress responses to competition, 
childhood research on the Trier Social Stress Test, and cortisol responses to basketball 
competition among girls, the overall direction of cortisol change was surprising (Casto & 
Edwards 2016b; Dickerson & Kemeny 2004; Kudielka et al. 2007; Mazdarani et al. 2016). 
Cortisol and cortisol/DHEA ratio decreases may be indicative of a more relaxed psychological 
state experienced in competitors during the math competition among peers (i.e., in-group 
competitors). From our observations during the competition, participants were observed 
laughing, cheering, stomping their feet, and generally expressive during the competition as the 
result of a participant’s’ correct and/or incorrect response. Despite no formal participant 
observation measures being collected, these observations provide some evidence that participants 
were emotionally invested in the competition.  
Contrary to expectations, DHEA and androstenedione did not significantly change during 
the math competition in boys or girls, which contrasts with our previous findings on boys’ 
salivary steroid hormone responses during team, athletic competitions (McHale et al. 2016; 
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McHale et al., under review-a). Despite these null results, our previous work demonstrated that 
Hong Kongese and American juvenile boys’ adrenal hormone responses were sensitive to 
different competitive athletic contexts (McHale et al. 2016; McHale et al. under review-a). 
Similar to the math competition findings presented here, cortisol and cortisol/DHEA ratio were 
shown to significantly decrease during the intra-squad soccer scrimmage condition only, where 
boys competed against teammates (peers), while androstenedione exhibited no significant 
change. Additionally, DHEA increased during both the intra-squad scrimmage and soccer match 
conditions but was not associated with any psychosocial variables, suggesting physical exertion 
effects related to athletic competition likely played a substantial role in promoting DHEA 
release, which may account for the null DHEA results during the math contest (Collomp et al. 
2015). Lastly, androstenedione significantly increased during soccer match play, not a soccer 
training or intra-squad scrimmage only (McHale et al. 2016; McHale et al. under review-a), 
where participants competed against unknown opponents in front of a moderate number of 
spectators (~30 people). Consequently, it is conceivable that the math competition was not a 
meaningful enough competition to promote high competitive effort to influence significant 
androstenedione changes given that the contest was not held in front of spectators and was not 
conducted in a regional style tournament where stakes involved. The findings from the intra-
squad soccer scrimmage experimental condition, despite being an athletic based competition, 
have many parallels to the experimental design of the math competition presented here. In 
particular, in the intra-squad soccer scrimmage and math competitions participants competed 
against peers, with few spectators in attendance, and for approximately the same duration of time 
(McHale et al. under review-a). In contrast to the reported math and intra-squad soccer 
scrimmage findings, boys experienced a significant rise in cortisol and androstenedione, and no 
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change in cortisol/DHEA ratio, during the soccer match competitions, where participants 
competed against unknown competitors (e.g., out-group) in front of greater numbers of 
spectators and parents.  
Our previous and current findings provide a complementary approach for interpreting 
boys’ and girls’ HPA axis activity when participating in different forms of social competition. 
Cognitive sensitivities to in-group and out-group competitors may influence the magnitude and 
direction of HPA axis activity across physical and non-physical competitive contexts, which is 
something we did not account for when designing the math competition experiment. Spectator 
effects also likely play a role in the psychophysiological stress response during competition 
which could influence a competitor’s motivation, intensity, and overall competitive effort. It is 
conceivable that familiarity of in-group competitors presented an unforeseen confound in the 
math competition study that subsequently limited our ability to detect competition related 
changes in DHEA and androstenedione among the total sample of competitors. Similar findings 
have been reported among adult males engaged in non-physical competition, such that 
competitors experienced little to no testosterone change when competing against in-group 
members, but did experience testosterone rise when competing against out-group members 
during the same type of competition (Flinn et al. 2012; Oxford et al. 2010), which again 
highlights parallels between adult testosterone responses and juvenile androstenedione responses 
to competition. Perhaps, juveniles’ HPA axis reactivity was similarly constrained as the result of 
cognitive appraisal differences related to competition against peers during the math competition. 
Next, no significant statistical difference between boys and girls was identified in DHEA 
change, androstenedione change, or cortisol ratio change, suggesting both sexes have a similar 
HPA axis activation in response to non-physical competition against peers. A statistically 
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significant positive correlation was identified between DHEA change and class team rank in the 
total sample and among non-active participants, indicating that competitors from teams who 
performed worse tended to experience larger decreases in DHEA, while competitors from better 
performing teams experienced less of a decrease, irrespective of level of participation (Figure 3).  
This finding supports the notion that DHEA may also be sensitive to psychosocial variables 
related to competition. DHEA is a well-known neurosteroid that has been shown to be associated 
with mood and affects endorphin release, all of which could conceivably be altered as the result 
of the outcome of the contest along with overall team performance (Pluchino et al. 2015). Self-
reported measure of individual performance was not related to hormone changes. Given that 35 
out of the 38 participants who responded answered either number 3 (average performance) or 4 
(good performance) our abilities to detect a possible relationship was limited.  
It has been reported in adult men and women that participation is a key component to 
detect competition-related changes in steroid hormones (Casto & Edwards 2016b). In other 
words, participants who do not play but watch from the sidelines do not typically experience 
acute steroid hormone change during competition. When this potential confound was assessed, 
no significant effects of participation on DHEA and androstenedione competition change, or 
cortisol ratio change were detected. Given that only 20 out of 45 competitors (8 boys and 12 
girls) among the total sample attempted to answer at least one question, which we defined as 
‘active participant’, it is feasible that the total sample analysis could have masked potential 
changes of DHEA and androstenedione during the competition. Age was found to have 
significant effect on cortisol ratio change, such that older participants experienced a significantly 
less of a decrease in post-match cortisol, perhaps as the result of older children being better at 
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regulating their HPA axis stress response during socio-competitive contexts compared to 
younger competitors.   
 
3.4.3. Active Participants’ hormone changes and performance  
Among the active participant sample (n = 20; boys = 8; girls = 12), moderating effects of 
HPA axis activity was further explored by investigating individual performance measures, 
hormone change, along with control variables.  
DHEA change was positively correlated with the number of incorrect responses reported 
and approached a significant positive correlation with the number of correct responses (p = 
0.051). These two independent measures of performance may indirectly capture overall 
competitive effort and/or motivational effects that are related to DHEA changes among the 
active participant sub-sample. Further, the number of incorrect answers predicted 31% of the 
variance for DHEA change suggesting a strong relationship exists between participation and 
DHEA change. A positive correlation was further identified between participants’ number of 
correct responses, overall individual performance, BMI, and androstenedione change. Overall 
performance and BMI predicted androstenedione change, accounting for 59% of the total 
variance. The predictive model suggests, when controlling for BMI, individual performance 
explains 23% of the total variance, demonstrating that active competitors’ individual 
performances and androstenedione release during competition are related. Similar findings have 
been reported among adult males’ testosterone responses during non-physical team competitions. 
A study conducted by Oxford et al. (2010) showed that only high-ranking men who contributed 
most to their team’s victory experienced testosterone increases. Again, the factors that influence 
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adrenal hormone secretion during middle children parallel the findings observed in the adult 
competition and steroid hormone literature. 
Cortisol ratio change was unrelated to performance measures, BMI, and PDS, but was 
significantly positively correlated with and predicted by age. Interestingly, the null results of 
cortisol ratio change and performance measures support the view that cortisol change is 
unrelated to psychological performance measures in this competitive context. These results 
support the view that HPA axis activity, in particular, DHEA and androstenedione change, are 
more sensitive to competition related cognitive variables, such as performance, during a non-
physical team competition. 
Despite the small sample sizes, boys’ (n = 8) and girls’ (n = 12) pre- and post-match raw 
hormone changes were further explored among active participants. Consistent with previously 
reported findings among our total sample, cortisol decreased in nearly all participants in the sub-
sample and no changes were observed in boys’ DHEA or androstenedione raw levels. 
Interestingly, a significant change was identified in girls’ DHEA and androstenedione levels, 
such that DHEA decreased in all but two instances and androstenedione decreased in all but 
three. These findings contrast with our previously reported results among the total participant 
sample (section 3.3.2), providing some evidence that participation related differences may 
emerge in competitors that were not detectable previously due to the high number of non-active 
participants. Given the low sample size among girl participants, we caution making any strong 
claims, but it does raise methodological issues worthy of further investigation.    
 
3.5. Strengths, limitations, and future directions 
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This study benefited from several strengths. To the authors’ knowledge, this is the first 
study of its kind to investigate boys’ and girls’ acute steroid hormone responses during a non-
physical competition. In addition, the unique experimental design allowed for both sexes to 
compete simultaneously, while collecting multiple salivary steroid hormones (testosterone, 
estradiol, DHEA, androstenedione, cortisol, and cortisol/DHEA ratio) and performance 
measures, while controlling for age, BMI, PDS. In addition, efforts were made to ensure all 
salivary hormone collections occurred in the early morning. One of the additional benefits of this 
study design is that it utilized mixed-sex play groups, which are more indicative of ancestral 
environments in which children routinely played living as hunter-gatherers for the majority of 
our species’ existence (Crittenden 2016; Gray 2015; Konner 2010). Moreover, these data were 
collected among under represented non-Western population of urban Hong Kong children in a 
naturalistic setting, which is likely to evoke a greater and more accurate hormone response than 
clinical or lab settings (Geniole et al. 2017). Ideally, we would like to conduct a similarly 
designed study during an actual regional math competition, against unfamiliar competitors, in 
front of spectators, to garner a more comprehensive picture of steroid hormones responses to 
psychological stress during non-physical competition.      
Despite a moderate sample size, there are several limitations that constrain the 
interpretation of the present results. One limitation of the study was that there was no control 
condition in which participants’ baseline hormone measures were assessed at the sample 
collection times of day on a non-competition day. Thus, causal interpretations of these findings 
must be tempered. It is possible that cortisol decrease represents a diurnal decline in cortisol. 
However, in light of our previous work that revealed cortisol significantly decrease during late 
afternoon/early evening soccer intra-squad scrimmages among peers and increased during match 
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play at the same time of day (McHale et al. under review-a), and given the short duration of 
saliva collection times during the match competition (~ 30 minutes), we infer that these data 
points represent juveniles’ physiology are predictably responding to the competition. Replicating 
these findings using control measures would strengthen causal claims.  
As previously discussed, over half of the competitors failed to attempt to answer at least 
one question. It is difficult to assess the extent to which participation posed a confound related to 
motivation and competitive effort differences among participants, all of which could have 
affected hormone changes among the total sample. This also limited the power to which we 
could assess performance measures with hormone changes among the smaller sample of 20 
active participants. Competing against familiar peers may have also muted DHEA and 
androstenedione change in the total sample of competitors, similar to testosterone related 
changes reported in adults engaged in non-physical competition among in-group members (Flinn 
et al. 2012; Oxford et al. 2010). Measures of mood, self-efficacy, and motivation would have 
been useful to get a better idea of the psychological state of mind of the competitors during the 
competition.  
Future work would benefit from incorporating psychological indices of mood, 
motivation, life history strategies (short-term vs. long-term), along with systematic participant 
observation measures, in conjunction with steroid hormone measures across in-group and out-
group physical and non-physical competitive contexts. Furthermore, research should investigate 
steroid hormone responses to dyadic forms of competition among boys and girls in different 
sociocultural contexts.   
 
3.6. Conclusion 
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This study investigated acute salivary steroid hormone responses among juvenile boys 
and girls during a non-physical, team, mixed-sex academic competition. These data provide new 
insight into HPA axis activity during middle childhood social competition, while highlighting 
factors, such as competitor type, degree of participation, team and individual performance 
measures that are worthy of methodological consideration for future research. In the current 
study, both boys and girls exhibited similar patterned HPA responses, despite girls having higher 
baseline androstenedione levels. Cortisol significantly decreased during the competition and the 
degree of change was related to age. DHEA change was related to team performance, while 
active participants’ DHEA and androstenedione change were related to individual performance 
measures, providing evidence that these hormones are likely related to psychosocial competitive 
variables that were not detected for cortisol. Additionally, a consistent relationship is emerging 
between cortisol and androstenedione, along with competition induced cortisol and 
androstenedione changes across physical and non-physical competitive contexts that warrants 
further interpretation and exploration (McHale et al. under review-a). Androstenedione acute 
responses in children appear to be moderated by similar competitive variables observed in the 
testosterone and adult competition literature, perhaps exerting a similar functional role for pre-
pubescent children as testosterone does in adults during competition. These findings provide a 
new terrain to explore acute reactive and functional roles of adrenal hormone responses during 
competition that may be specific to middle childhood behavioral endocrinology, at a time when 
primary sex steroids secretion is low. These results are relevant to life history approaches to 
adrenarche and provide new directions for future research investigating the proximate and 
ultimate mechanisms, along with psychosocial factors, that influence HPA axis activity during 
middle childhood social development.     
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T
able 3.1. D
escriptive characteristics detailing age, B
M
I, PD
S, salivary horm
one concentrations, and m
olar ratios am
ong boys and 
girls. 
V
ariables 
 
B
oys (n = 18) 
 
 
G
irls (n = 27) 
 
 
M
ean (SD
) 
M
inim
um
 
M
axim
um
 
M
ean (SD
) 
M
inim
um
 
M
axim
um
 
A
ge (years) 
10.16 (0.58) 
9.10 
10.90 
9.96 (0.60) 
9.00 
10.90 
BM
I (kg
・
m
–2) 
17.13 (3.50) 
12.96 
24.49 
17.78 (4.70) 
12.96 
33.78 
PD
S 
1.20 (0.45) 
1.00 
1.6 
1.29 (0.23) 
1.00 
2.0 
 H
orm
one C
oncentrations (pg/m
L
) 
 
 
 
D
H
EA
 pre-m
atch 
37.98 (33.54) 
8.55 
116.20 
48.55 (42.80) 
8.55 
194.40 
D
H
EA
 post-m
atch 
38.53 (31.80) 
8.55 
100.70 
45.31 (39.06) 
8.55 
173.70 
∆D
H
EA
 
0.21 (10.00) 
-15.50 
21.50 
-3.24 (11.23) 
-20.70 
26.20 
 
 
 
 
 
 
 
A
ndrostenedione pre-m
atch 
11.28 (6.59) 
3.60 
25.30 
28.09 (19.87) 
4.10 
82.40 
A
ndrostenedione post-
m
atch 
10.73 (7.53) 
1.70 
26.10 
26.88 (19.64) 
4.20 
74.10 
∆A
ndrostenedione 
-0.54 (4.22) 
-12.50 
6.40 
-1.21 (4.5) 
-12.90 
5.70 
 
 
 
 
 
 
 
C
ortisol pre-m
atch  
1061.11 (1062.26) 
400.00 
4800.00 
955.56 (662.36) 
400.00 
3100.00 
C
ortisol post-m
atch  
494.44 (322.62)* 
200.00 
1500.00 
522.22 (293.96)* 
100.00 
1400.00 
∆Cortisol  
 
-566.67 (790.38) 
-3300.00 
-100.00 
-433.33 (443.76) 
-2000.00 
100.00 
M
olar R
atios 
 
 
 
 
 
 
D
H
EA
 (nm
ol/L) pre-m
atch 
0.13 (0.12) 
0.03 
0.40 
0.17 (0.15) 
0.03 
0.67 
D
H
EA
 (nm
ol/L) post-m
atch 
0.13 (0.11) 
0.03 
0.35 
0.16 (0.14) 
0.03 
0.60 
C
ortisol (nm
ol/L) pre-m
atch 
2.93 (2.93) 
1.10 
13.24 
2.64 (1.83) 
1.10 
8.55 
C
ortisol (nm
ol/L) post-
m
atch 
1.36 (0.89) 
0.55 
4.14 
1.44 (0.81) 
0.28 
3.86 
C
ortisol/D
H
EA
 m
olar ratio 
pre-m
atch   
45.58 (43.64) 
5.31 
139.49 
27.39 (29.51) 
3.38 
130.19 
C
ortisol/D
H
EA
 m
olar ratio 
post-m
atch   
20.14 (22.01)* 
1.65 
92.99 
17.28 (22.11)* 
2.29 
111.59 
 *p ≤ 0.001. D
H
EA
, androstenedione, cortisol and cortisol/D
H
EA
 m
olar ratio analyses relied upon the W
ilcoxon signed-rank sum
 test 
to assess raw
 pre- and post-m
atch horm
one change. For convention, m
eans, m
inim
um
 and m
axim
um
 values are displayed. 
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T
able 3.2. Boys’ (n = 18) correlations betw
een raw
 pre-m
atch horm
one concentrations, horm
one change, B
M
I, and PD
S 
   
Boys 
Pre-
m
atch 
D
H
EA
 
pg/m
L 
Pre-m
atch 
A
ndrostenedione 
pg/m
L 
Pre-m
atch 
C
ortisol 
pg/m
L 
∆D
H
EA
 
pg/m
L 
∆A
ndrostenedione 
pg/m
L 
∆Cortisol 
pg/m
L 
B
M
I 
kg
・
m
–2 
PD
S 
Pre-m
atch D
H
EA
 
pg/m
L 
 
.71** 
-.05 
-.33 
.12 
-.02 
.53* 
.38 
Pre-m
atch 
A
ndrostenedione 
pg/m
L 
 
 
-.09 
-.06 
.07 
.15 
.42 
.46
† 
Pre-m
atch C
ortisol 
pg/m
L 
 
 
 
-.06 
-.70** 
-.86** 
-.45 
-.32 
∆D
H
EA
  
pg/m
L 
 
 
 
 
.08 
.24 
-.24 
.27 
∆A
ndrostenedione 
pg/m
L 
 
 
 
 
 
.85** 
.28 
.11 
∆Cortisol  
pg/m
L 
 
 
 
 
 
 
.30 
.27 
B
M
I 
kg
・
m
–2 
 
 
 
 
 
 
 
.72** 
B
M
I = B
ody M
ass Index; PD
S = Pubertal D
evelopm
ent Scale 
*p < 0.05 (tw
o-tailed), 
**≤ 0.002 
† = 0.053 (approached significance)  
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T
able 3.3. G
irls’ (n = 27) correlations betw
een raw
 pre-m
atch horm
one concentrations, horm
one change, B
M
I, and PD
S 
 
   
G
irls 
Pre-
m
atch 
D
H
EA
 
pg/m
L 
Pre-m
atch 
A
ndrostenedione 
pg/m
L 
Pre-
m
atch 
C
ortisol 
pg/m
L 
∆D
H
EA
 
pg/m
L 
∆A
ndrostenedione 
pg/m
L 
∆Cortisol 
pg/m
L 
B
M
I 
kg
・
m
–2 
PD
S 
Pre-m
atch D
H
EA
 
pg/m
L 
 
.41* 
-.14 
-.37 
.24 
.13 
.48* 
.09 
Pre-m
atch 
A
ndrostenedione 
pg/m
L 
 
 
.01 
.28 
.06 
.13 
-.01 
.49* 
Pre-m
atch C
ortisol 
pg/m
L 
 
 
 
-.04 
-.29 
-.83** 
-.01 
.16 
∆D
H
EA
  
pg/m
L 
 
 
 
 
.25 
.26 
-.10 
-.06 
∆A
ndrostenedione 
pg/m
L 
 
 
 
 
 
.53** 
.23 
-.36 
∆Cortisol  
pg/m
L 
 
 
 
 
 
 
.01 
-.21 
B
M
I 
kg
・
m
–2 
 
 
 
 
 
 
 
-.26 
B
M
I = B
ody M
ass Index; PD
S = Pubertal D
evelopm
ent Scale 
*p < 0.05 (tw
o-tailed), 
**≤ 0.002 
 97 
Table 3.4. Multiple regression model predicting active participants’ androstenedione change 
based on BMI and individual performance among active participants (n = 19)  
 
 b SE b ß 
Step 1    
Constant -15.79 4.5  
BMI 0.84 0.27 .60** 
    
Step 2    
Constant -15.48 3.72  
BMI 0.71 0.30 .51** 
Individual Performance 0.83 0.28 .49** 
Note. R2 = 0.36 for Step 1: ∆R2 = .23 for Step 2 (ps < .05).**p < 0.01  
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Figure 3.1. Pre-match and post-match cortisol change, p < 0.001 (N = 45). For convention 
means are displayed.  
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Figure 3.2. Pre-match and post-match cortisol/DHEA molar ratio change, p < 0.001 (N = 45). 
For convention means are displayed. 
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Figure 3.3. DHEA match change plotted against participants’ class team rank for each 
classroom, with a ‘1’ indicating last place finishing teams and a ‘6’ for the top finishing teams, 
p = 0.04 (N = 45). The black line represents the line of best fit. 
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Figure 3.4. Cortisol ratio change (post-match cortisol/pre-match cortisol) plotted against 
participants’ age, p = 0.003 (N = 45). The black line represents the line of best fit. 
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CHAPTER 4 
This section examined acute changes in ethnically Chinese, Hong Kong juvenile boy’s 
salivary testosterone, DHEA, androstenedione, and corrtisol responses during a moderately-
physical, dyadic, table-tennis exhibition (N = 22). This study also examined potential moderating 
effects of performance, competitiveness of match play, age, and outcome on salivary steroid 
hormone changes, as well as pre-match adrenal hormone concentrations and hormone change 
correlational analyses. 
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Abstract 
No published research has investigated salivary steroid hormone responses to dyadic 
competition during middle childhood in boys. The current study investigated juvenile boys’ pre- 
and post-match testosterone, dehydroepiandrosterone (DHEA), androstenedione, and cortisol 
among 22 ethnically Chinese, Hong Kongese table-tennis athletes, aged 8 - 11 years, during 
dyadic competition against peers. Relationships between hormone change, age, outcome of the 
match, self-reported perceived performance, and degree of competitive match were also 
explored, while controlling for Body Mass Index (BMI) and pubertal development. Relationships 
between pre-match salivary steroid hormones and competition-induced steroid hormone changes 
were explored to better assess overall hypothalamic-pituitary-adrenal (HPA) axis activity. 
Consistent with hypotheses and predictions, cortisol and cortisol/DHEA molar ratio decreased in 
the majority of participants, testosterone measures were below the sensitivity of the assay, and 
androstenedione did not significantly change during the table-tennis exhibitions. Contrary to 
expectations, DHEA concentrations did not significantly change and independent variables were 
not related to hormone changes. Further correlational analyses indicated that competition-
induced androstenedione and cortisol change, in addition to pre-match androstenedione and pre-
match cortisol were highly positively correlated, consistent with previous reported findings 
among juveniles engaged in coalitional competitions. Cumulatively, these findings show that 
juvenile boys’ steroid hormone responses during dyadic athletic competition differ in 
comparison to adult males’ steroid responses when faced with similar forms of male-male 
competition, such that cortisol and testosterone tend to rise among adults. These data raise new 
methodological considerations for future research investigating the ontogeny of HPA axis 
activity and competitive behavior across childhood development.  
 105 
4.1. Introduction 
Humans possess an unusually long period of juvenile development that coincides with 
adrenarche, the pre-pubertal rise of adrenal hormones, dehydroepiandrosterone (DHEA) and 
androstenedione (e.g., Del Giudice 2014). From a life history perspective, it remains unclear 
what functional role adrenarche serves in middle childhood development and why selection 
favored delayed pubertal maturation. The juvenile period of development (~7 – 11 years of age) 
has been speculated to represent a critical stage of cognitive development by which children 
experience intense social learning while preparing and practicing for the social challenges one 
would expect to face in adulthood (e.g., Bogin 1997; Del Giudice et al. 2009; Meehan & 
Crittenden 2016). Additionally, children’s acute steroid hormone responses to social competition 
appear to differ from adults’ (McHale et al. 2016; McHale et al. under review-a,b). Del Giudice 
et al. (2011) have proposed the Adaptive Calibration Model to describe the evolutionary 
developmental role of the stress response system. In this model, an individual’s experiences 
during childhood development are theorized to encode and contribute to the long-term 
calibration of the stress response system in ecologically relevant and context dependent ways. To 
better understand the development of human hormones and competition, we must further explore 
the interaction between acute steroid hormone changes across variable competitive contexts and 
among Western and non-Western populations during middle childhood. 
A large body of research has investigated hormone response to dyadic competition, 
where testosterone and cortisol rise are frequently associated with human athletic competition 
Casto & Edwards 2016b; Geniole et al. 2017). Field research on adult competition, aggression, 
and hormone changes among human and nonhuman primates, in concert with experimental 
human psychological research, demonstrates that differences in coalitionary membership (in-
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group vs. out-group) readily activate acute steroid hormone changes in predictable and flexible 
ways. Further, those responses are often influenced by additional contextualized factors: family 
environment and development, individual performance, winner/loser effect, group size, degree of 
physical exertion, home vs. away venue of competition, and exhibition vs. official matches (e.g. 
Archer 2006; Collomp et al. 2015; Flinn et al. 2011; Gat 2006; Flinn et al. 2012; Geary 2010; 
Fothergill et al. 2017; Mehta & Josephs 2006; Moreira et al. 2012; Trumble et al. 2013b; Wobber 
et al. 2010). However, few studies have explored steroid hormone responses to competition 
during middle childhood and these have been limited to team competitions (Mazdarani et al. 
2016; McHale et al. 2016; McHale et al. under review-a,b).  
Our previous work revealed that DHEA, androstenedione, and cortisol, but not 
testosterone, were measurably responsive to physical (soccer) and non-physical (academic) 
coalitional (more than three competitors per team) competitions involving juvenile boys from the 
U.S.A (McHale et al. 2016) and ethnically Chinese boys and girls from Hong Kong (McHale et 
al. under review-a,b). In particular, competition involving unknown (out-group) competitors with 
the presence of spectators induced acute rises in DHEA, androstenedione, and cortisol, while 
competition amongst peers (i.e., in-group competitors), in the absence of spectators, resulted in 
significant decreases in cortisol and cortisol/DHEA molar ratio and no androstenedione change 
across differing competitive contexts. DHEA increased during both in-group and out-group 
physical competitions but did not significantly change during the non-physical math competition, 
suggesting physical exertion has a role in promoting acute increases among boys during 
competition irrespective of competitor type (McHale et al. 2016; McHale et al. under review-
a,b). Self-report measure of individual performance was not related to hormone change across all 
three previous juvenile hormones and behavior studies, whereas measures of team and individual 
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performance were related to DHEA and androstenedione change but only during math 
competitions.  
These findings collectively suggest that steroid hormone influences are likely associated 
with context-dependent cognitive appraisal differences related to the type of competition, 
competitor type, and performance. Moreover, juvenile boys’ responses differ from adult males’; 
such that testosterone responses in adults are linked to human competition during similar male-
male competitive contests (e.g., Geniole et al. 2017). Lastly, a consistent positive association has 
also emerged in our analyses of boys’ pre-match and competition-induced steroid hormone 
changes: 1) pre-match DHEA and pre-match androstenedione are positively linked, 2) degree of 
androstenedione change and cortisol change have consistently been positively related across 
physical and non-physical competitive contexts and 3) pre-match androstenedione and pre-match 
cortisol were positively correlated during athletic competitions only.  
Despite this body of research, an important question remains unanswered: how do boys’ 
steroid hormones respond to dyadic male-male competition? At a life stage when pre-pubescent 
boys are known to have low testosterone levels, it is unclear how testosterone or other androgens 
such as androstenedione and DHEA or cortisol respond to one-on-one, male-male competition.  
In order to explore if dyadic competition produces similar endocrinological effects that have 
been reported during team competitions in juveniles, we investigated acute testosterone, DHEA, 
androstenedione, and cortisol responses to a table-tennis competition among 22 ethnically 
Chinese, Hong Kongese boys, aged 8 – 11 years. Pre- and post-match saliva samples were 
collected during an in-school table-tennis exhibition. Table-tennis is one of the most widely 
played sports in Hong Kong Chinese schools (Lau et al. 2015). As a result, table-tennis is 
assumed to represent a culturally salient competitive context to investigate the relationship 
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between dyadic competition and acute steroid hormone change during middle childhood. 
Furthermore, this study extends the cross-cultural scope of behavioral endocrinology and athletic 
competition research to an underrepresented non-Western urban population of children (Henrich 
et al. 2010; Tsai 2005). 
 
4.2. Hypotheses  
In the present study, we hypothesize that juvenile table-tennis competitors, competing 
against peers in an in-school, dyadic, moderately physically taxing male-male competition, in the 
absence of spectators, will experience significant decreases in cortisol and cortisol/DHEA molar 
ratio, no change in androstenedione, but a rise in DHEA, while testosterone will generally be low 
and unmeasurable. Further, we suspect that self-report measure of performance and outcome of 
match will not be related to steroid hormone change, consistent with previous findings (McHale 
et al. 2016; McHale et al. under review-a,b). Age and degree of competition (e.g., highly 
competitive, semi-competitive, and non-competitive) are predicted to be associated with the 
degree of steroid hormone changes, such that older individuals and more competitive matches 
would likely induce greater post-match changes. Previous research among adult chess 
competitors had identified that testosterone changes were more pronounced in close rather than 
less competitive matches (Mazur et al. 1992). Lastly, in line with our previous findings, we 
predict that 1) pre-match DHEA and pre-match androstenedione will be positively correlated, 2) 
androstenedione change and cortisol change will be positively related, and 3) pre-match 
androstenedione and pre-match cortisol will also be positively correlated.   
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4.3. Methods  
4.3.1. Participants 
Boys were recruited to participate in an in-school table-tennis exhibition from two 
Chinese primary schools located in Kowloon, Hong Kong. Twenty-two boys between 8 – 11 
years of age, consisting of 14 and 8 participants from each respective school, competed in two 
table-tennis matches against competitors from their own school.  
 
4.3.2. Saliva collection  
Each table-tennis contest occurred in the mornings during regularly scheduled school 
hours in an effort to address diurnal variation in steroid hormone concentrations. One table-
tennis competition event began at 11 AM on November 19, 2016, while the other began at 8:30 
AM on November 23, 2016. Pre-match saliva samples were collected immediately before the 
start of a 10-minute warm up period, during which time players rallied (the period in which the 
ball is in play). The first rounds of the table-tennis exhibitions began promptly after the warm-up 
period. The table-tennis coach from each respective school paired competitors against one 
another for the first round of matches. Post-match saliva samples were immediately collected 
from each competitor after the second rounds of matches were completed. Every participant 
provided ~3 ml of passive drool saliva. Salivary samples were immediately stored at -20 degrees 
Celsius upon collection and shipped to ZRT Laboratory in Beaverton, Oregon.  
 
4.3.3. Experimental procedures 
In accordance with standard table-tennis rules and regulations, each match was played 
best of 3 games (first player to win two games wins the match). For each game, the first player to 
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score 11 points won that game, with each game having to be decided by at least a two-point 
margin. All first-round and second-round matches occurred simultaneously. Following the 
completion of their first-round matches, players were immediately paired against another 
opponent and began playing the second-round matches. The second-round matches consisted of 
winning players from the first round competing against another winning player, while losing 
players from the first round were paired against another losing player. The rationale for this 
experimental design was to pair players with opponents who matched their skill levels to induce 
a more competitive match and to ensure at least 15 minutes of competitive play, which is the 
minimum interval of time commonly used to detect steroid hormone change in saliva, such as 
testosterone (e.g., Mehta & Josephs 2006; Riad-Fahmy et al. 1987). Each round of matches 
lasted, on average, 7-8 minutes in duration, for a total of ~15 minutes of competitive match play 
across two consecutive rounds, for a total of 25 minutes of play including the warm-up period.  
Age, outcome of the match, self-reported perceived performance, and degree of 
competitive match (i.e., highly competitive, semi-competitive, non-competitive), Body Mass 
Index (BMI) and pubertal development were recorded. At the conclusion of each competition 
participants completed a short questionnaire and had their heights and weights recorded using an 
anthropometer and scale, allowing for calculation of participants’ BMI. Each questionnaire 
contained four questions that asked for participants’ age, competition outcomes (win or loss), 
self-rated overall performance, and scores from matches. Additionally, participants completed 
the Pubertal Development Scale (PDS), a self-report measure of pubertal status (Petersen et al. 
1988), for which participants’ scores (M = 1.5, range: 1.2 – 2.2) confirmed no participants had 
undergone puberty (Petersen et al. 1988). Research assistants documented each match outcome, 
scores, and match duration of play. 
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Children on hormone medication were not allowed to participate. Parent and Child 
Informed Consent Forms were available in Cantonese and English. Each form was sent home 
with the table-tennis players prior to the day of the exhibitions and were signed by each 
participant and at least one parent or legal guardian prior to the day of the competition. The 
University of Nevada, Las Vegas and the University of Hong Kong Institutional Review Boards 
approved the study procedures and protocols. 
 
4.3.4. Hormone determination 
ZRT Laboratory utilized liquid chromatography–tandem mass spectrometry (LC-
MS/MS), a preferred method of salivary hormone analysis due to its analytical specificity and 
low variation, to assay all salivary samples (Handelsman et al. 2013; Büttler et al. 2015). For 
testosterone, all pre- and post-match levels were below the detection limit of the assay (< 3.2 
pg/mL). Thus, no statistical analyses were performed on testosterone. Six out of 21 pre-match 
samples (28.6%) and 2 out of 21 post-match samples (9.5%) of DHEA were below the detection 
limit (17.1 pg/mL). Each measure of DHEA below sensitivity was assigned a value that is one 
half of the minimum detection limit resulting in 8 values of 8.55 pg/mL. Below sensitivity values 
of DHEA are viewed as important data points representing low hormone concentrations (e.g., 
McHale et al. 2016). All pre- and post-match samples of cortisol and androstenedione were 
detectable. The intra-assay coefficient of variation for all analytes tested range from 2.7 to 
15.7 % over the following hormone concentrations: testosterone (9.8–83.5 pg/mL); DHEA 
(35.6–567 pg/mL); androstenedione (21.3–343 pg/mL); cortisol (0.4–13.7 ng/mL). Inter-assay 
precision over the same hormone concentrations range from 4.3 to 18.7%. 
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4.3.5. Statistical methods 
BMI and PDS were assessed as control variables. Independent variables included: age, 
outcome of matches (0 = participant lost both matches; 1 = participant lost one match and won 
one match; 2 = participant won both matches), self-report measure of performance rating (e.g., 
1= poor performance, 5 = excellent performance), and degree of competitive contests [0 = each 
participant match was decided in two games respectively and each game had margins of victory 
greater than 6 points (non-competitive match); 1 = one of the participant’s match had at least one 
game decided by a margin of victory that was less than 6 points and/or one match was decided 
by three games to determine the victor (semi-competitive); 2 = a participant competed in two 
matches where at least one game per match had a margin of victory that was less than 6 points 
and/or required three games in each of the two matches to decide the victor (highly 
competitive)].  
Cortisol/DHEA molar ratios were calculated and used in the analysis as this is a better 
alternative measure of overall HPA axis activity (Kamin & Kertes 2017). Pre- and post-match 
DHEA and pre- and post-match cortisol/DHEA molar ratio data were non-normally distributed. 
Two DHEA change values (post-match – pre-match hormone concentrations) and one cortisol 
change value were excluded in the subsequent analyses due to the extreme nature of the outliers, 
which normalized the data. The remaining pre- and post-match hormone concentration data, 
hormone change data, BMI, age, and PDS values were normally distributed. Preliminary 
analyses relied upon Spearman's Rank-Order Correlation and Pearson’s correlation to assess 
potential relationships among raw pre-match hormone levels, hormone change, and BMI, age, 
and PDS. Paired-samples t-test and the Wilcoxon Signed-Rank Sum Test were performed to 
investigate before and after competition hormone changes. Additionally, DHEA change, 
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androstenedione change, and cortisol change were utilized as dependent variables to investigate 
the relationship between hormone change and independent variables (age, outcome of the match, 
self-reported measures of performance, and degree of competitive contest). Spearman's 
correlation was employed to analyze the association between hormone change and the ordinal 
independent variables. All tests are two-tailed (α = .05) and were carried out using SPSS 
statistical software.  
 
4.4. Results 
Descriptive characteristics of age, BMI, PDS, salivary hormone concentrations, and 
molar ratio data are provided in Table 4.1. Hormone concentrations presented in the table reflect 
the raw and mean hormone values. Testosterone levels were below the detectable range in the 
majority participants and therefore not included. Pre- and post-match DHEA concentrations were 
not available for one participant.  
  
4.4.1. Preliminary analyses 
Correlations between raw pre-match hormone concentrations, hormone change, BMI, 
age, and PDS are presented in Table 4.2. Consistent with previous reported findings among 
Hong Kongese juvenile boy competitors (McHale et al. under review-a,b), a highly-significant 
positive correlation was observed between boys’ pre-match DHEA and pre-match 
androstenedione levels, N = 21, rs = .67, p = 0.001. A highly-significant positive association was 
observed in this sample between juvenile boy table-tennis competitors’ pre-match DHEA and 
pre-match cortisol levels (rs = .74, p < 0.001), a significant negative correlation between pre-
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match DHEA and androstenedione change (rs = -.55, p = 0.010) and for pre-match DHEA and 
cortisol change (rs = -.56, p = 0.011).  
As predicted, pre-match androstenedione was positively associated with pre-match 
cortisol, N = 22, r = .55, p = 0.010 (Figure 4.1) and competition-induced androstenedione change 
was highly positively associated with cortisol change, N = 21, r = .68, p = 0.001 (Figure 4.2). 
Further, pre-match androstenedione was negatively correlated with androstenedione change (r = 
-.75, p < 0.001). Parallel findings were reported in our previous work among juvenile boy 
athletes competing against peers (in-group) but not during competition against out-group 
members (McHale et al. under review-a). Pre-match androstenedione and cortisol change (N = 
21) were also negatively associated (r = -.50, p = 0.02) among the current sample of table-tennis 
competitors. Pre-match cortisol was significantly negatively related to androstenedione change, 
N = 22, r = -.53, p = 0.011, and highly negatively correlated with cortisol change, N = 21, r = -
.87, p < 0.001). These data are consistent with our previously reported acute steroid hormone 
responses among Hong Kongese juveniles during physical (soccer) and non-physical (academic 
competitions) team competitions (McHale et al. under review-a,b). The remaining hormone 
measures and variables (e.g., BMI, age, PDS) were not related (p > 0.05). In sum, our cumulative 
reported findings indicate a consistent endocrine link has emerged between pre-match DHEA 
and pre-match androstenedione, and androstenedione and cortisol responses among ethnically 
Chinese juvenile boys’ during bouts of physically taxing and non-physical coalitional 
competition, as well as dyadic, moderately-physical, competition.  
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4.4.2. Competition effects on hormone change 
A Wilcoxon Signed-Ranks Test indicated that DHEA did not significantly change (pre-
match Mdn = 42.30 pg/mL, post-match Mdn = 34.6 pg/mL, z = -0.48), N = 21, p = 0.63. 
However, 16 out of 21 boys’ cortisol/DHEA molar ratios decreased and approached statistical 
significance (pre-match Mdn = 17.71, post-match Mdn = 9.35, z = -1.93), p = 0.054.  
A paired samples t-test indicated no statistically significant differences were observed for 
boys’ pre-match androstenedione (M = 13.02 pg/mL, SD = 7.10 pg/mL) and post-match (M = 
12.93 pg/mL) androstenedione levels, N = 22, p = 0.92. However, a statistically significant 
decrease in pre-match cortisol (M = 1050.00 pg/mL, SD = 706.26 pg/mL) and post-match 
cortisol (M = 727.27 pg/mL, SD = 460.00 pg/mL) was observed, N = 22; t(21) = 2.66, p = 0.015 
(Figure 4.3). Similarly, pre-match cortisol (nmol/L) and post-match cortisol (nmol/L) 
significantly decreased, p = 0.015 (see Table 4.1 for summary).   
 
4.4.3. Hormone change associations with independent variables  
In order to explore the possible associations of steroid hormone change with additional 
factors, subsequent analyses relied upon DHEA, androstenedione, and cortisol change as the 
dependent variables and age, outcome of the match, self-reported measures of performance, and 
degree of competitive contest as the independent variables. Correlational analyses revealed no 
relationship between hormone change with any of the independent variables (p > 0.05). 
 
4.5. Discussion 
The purpose of this study was to investigate acute salivary steroid hormone responses 
among juvenile boy table-tennis participants during dyadic competition and to determine 
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whether age, self-report measures of performance, outcome of matches, and degree of 
competitive contests influence acute steroid hormone change. Additionally, we explored the 
relationships between pre-match salivary steroid hormones and competition-induced steroid 
hormone changes to better assess HPA axis activity during middle childhood.     
Consistent with hypotheses and predictions, cortisol significantly decreased and 
cortisol/DHEA molar ratio decreased in the majority of participants, testosterone measures were 
below the sensitivity of the assay, androstenedione did not significantly change, and self-report 
measure of individual performance and outcome of the match were not associated with hormone 
change during the table-tennis exhibitions. In concordance with our previous reported findings 
(McHale et al. under review-a,b) and predictions, pre-match DHEA and pre-match 
androstenedione were significantly positively related. This link likely reflects the rise in DHEA 
and androstenedione release associated with the juvenile transition and adrenarche. Additionally, 
pre-match androstenedione and pre-match cortisol were positively correlated, and competition-
induced change in androstenedione and cortisol were highly positively related. Further, a highly 
significant positive association was observed between pre-match DHEA and pre-match cortisol, 
a significant negative correlation between pre-match DHEA and androstenedione change, in 
addition to pre-match DHEA and cortisol change. These latter findings were not observed in 
previously reported null findings on juvenile competition (McHale et al. under review-a,b). 
Given the current limited data available in this area of inquiry it is difficult to interpret these 
differences in light of athletic and academic competitions. 
Although DHEA was previously shown to increase during physically demanding athletic 
competition among boys (McHale et al. 2016; McHale et al. under review-a), contrary to our 
expectations, DHEA did not significantly change in our sample during table-tennis play, nor was 
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it related to participant age or degree of competition. It is worth noting that our previous math 
competition study also did not identify significant change in DHEA during a non-physical 
academic competition, despite DHEA change being related to performance measures (McHale et 
al. under review-b). As duration and type of physical exercise have been found to influence the 
magnitude of hormone reactivity (e.g., Brownlee et al. 2005; Collomp et al. 2015; Hayes et al. 
2015), these may suggest DHEA requires more vigorous forms of physical competition to induce 
a significant change and/or need a longer duration of competitive match play. This experimental 
design only averaged ~15 minutes of competitive play per participant. Further, the small sample 
size of participants may have limited the power to detect possible age and degree-of-competition 
differences associated with acute DHEA change.  
Previous studies indicated that juveniles competing against peers during physical and 
non-physically taxing team competitions, in the absence of spectators, experienced significant 
cortisol and cortisol/DHEA molar ratio decreases and no significant androstenedione change 
(McHale et al. 2016; McHale et al. under review-a,b). On the other hand, juvenile team 
competition involving unknown opponents in the presence of spectators was shown to induce 
significant cortisol and androstenedione increases and no cortisol/DHEA molar ratio change 
among children (Mazdarani et al. 2016; McHale et al. 2016; McHale et al. under review-a,b). In 
the present study, our results reveal a similar patterned decrease in cortisol and cortisol/DHEA 
molar ratio, with no significant androstenedione change among boy table-tennis competitors after 
participating in a moderately physically taxing, dyadic competition against peers. These findings 
contrast with the adult competition and hormone literature (e.g., Casto & Edwards 2016b), in 
which athletic competition tends to be associated with cortisol and testosterone increases in men 
and women. Collectively, our overall findings suggest familiarity of competitor (in-group vs. 
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out-group membership) and presence of spectators may influence children’s HPA axis stress 
response irrespective of coalitional or dyadic competition and degree of physical exertion. 
Despite a few studies that have attempted to explore in-group and out-group effects on steroid 
hormone change within adult males (e.g., Flinn et al. 2012; Oxford et al. 2010), a review of the 
hormone and competition literature reveals that competitor coalitional status (in- vs. out-group) 
is an underappreciated factor potentially modulating HPA axis activity among both adult men 
and woman, and within pre-pubescent boys and girls. Further, it remains unclear how competitor 
type and spectator effects impact steroid hormone responses across differing competitive 
contexts, such as dyadic vs. coalitional settings, or during physical and non-physical competitive 
bouts of competition. Further exploration of this phenomenon within industrialized and 
indigenous populations, across different human life history stages, could provide rich insight into 
the interaction and evolution of social endocrinology, psychological biases related to in-group 
versus out-group membership, and competitive behavior.  
Cortisol is a well-known neurosteroid sensitive to psychological (e.g., Dickerson & 
Kemeny 2004) and physical stressors (e.g., Mastorakos et al. 2005). Consequently, cortisol as 
well as cortisol/DHEA molar ratio decreases likely reflect a more relaxed psychological state in 
juvenile boy table-tennis competitors participating in an informal exhibition against teammates 
and in the absence of spectators (Kamin & Kertes 2017). The informal nature of the competition, 
as opposed to a regional tournament for instance, may also have promoted a more relaxed 
psychological state. It remains unclear as to why androstenedione is predictably less responsive 
to in-group dyadic and coalitional competition and yet consistently rises during competition 
involving unknown competitors in front of spectators across U.S.A. and ethnically Chinese 
juvenile populations (McHale et al. 2016; McHale et al. under review-a,b). It is conceivable that 
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androstenedione serves a similar functional role as testosterone prior to puberty in responding to 
socially meaningful competitive challenges in order to promote increased aggression and/or 
competitive effort more generally. Similar attenuated responses of testosterone have been 
observed among adult males participating in competition against peers in comparison to larger 
acute increases in testosterone associated with out-group competition (Flinn et al. 2012; Oxford 
et al. 2010). One interpretation of these data is that in ancestral environments it would be much 
costlier to lose to an unfamiliar foe due to the heightened chances of being mortally injured, 
killed, or loss of access to resources and mates in comparison to competition against a familiar 
in-group member. Thus, heightened sensitivities to competitor type and differential testosterone 
responses likely reflect adaptive physiological and behavioral responses to social challenges.  
In addition, song birds have been shown to modulate their hormone responses to male-
male territorial aggression depending on their reproductive state (i.e., breeding vs. non-breeding 
season). In other words, male song birds exhibit acute increases in androstenedione and DHEA, 
instead of testosterone, when confronted with a territorial challenger during the non-breeding 
season, at time when testosterone concentrations are very low (Pradhan et al. 2010). The authors 
contend that song birds conceivably avoid the immunosuppressive and energetic costs of 
maintaining high baseline testosterone, at a time when reproduction is of no consequence, yet 
benefit from an alternative hormone pathway that is sensitive to male-male territorial aggression. 
Perhaps juvenile boys evolved a distinct, yet functionally equivalent, hormone pathway that is 
activated in response to salient forms of social competition in preparation for adulthood. If this 
were the case, additional links between pre- and post-competition-induced adrenal hormone 
changes would predictably emerge in the childhood competition and behavioral endocrinology 
literature.  
 120 
Given its evolutionary significance, a large body of research has investigated and 
identified consistent links between testosterone and cortisol during male-male competition, 
physical exercise, as well as other ecologically salient male dominated activities, such as hunting 
(e.g., Brownlee et al. 2005; Casto & Edwards 2016b; Geniole et al. 2017; Trumble et al. 2013; 
Wu et al. 2017). Studies of gonadal and adrenal interactions generally couch their interpretations 
within stress related (psychosocial stress, physical stress) contextual factors which modulate 
these relationships and during which sex steroids (i.e., testosterone) are known to regulate and 
inhibit glucocorticoid release (Viau 2002). No studies have investigated HPA axis regulation as a 
function of pre-competition (baseline) cortisol, androstenedione, or DHEA concentrations in 
juvenile children or explored whether adrenal steroids are related to competition-induced 
hormone changes during middle childhood.  
To our knowledge, this is the first study to simultaneously explore adrenal hormone 
relationships among children in a naturalistic dyadic competitive setting. Results from the 
current study, in addition to our previous field work, provide converging evidence that pre-match 
androstenedione and pre-match cortisol and androstenedione competition change and cortisol 
competition change are consistently positively related to athletic competition and non-athletic 
competitive contexts (McHale et al. under review-a,b). These results provide evidence that a 
relationship exists between androstenedione and cortisol concentrations and acute release when 
experiencing psychological and physical stressors of competition in juvenile boys. Evidence in 
the human behavior and hormone literature have identified a consistent link between cortisol and 
testosterone as a predictor of attained status (dominance) and cortisol as a moderator of 
testosterone activity among adults (e.g. Mehta and Josephs 2010; Mehta and Prasad 2016; 
Sherman et al. 2016). This relationship, known as the dual-hormone hypothesis, may have 
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significance in interpreting the findings among juvenile boys’ acute synthesis pathways of the 
adrenal during competition. Remarkably, we know very little about regulatory pathways of the 
HPA axis during middle childhood development and whether pre-competition cortisol 
concentrations influence androstenedione release similarly as it has been hypothesized to do 
among adults’ testosterone concentrations. 
 
4.6. Strengths, limitations, and future directions 
This study benefitted from several strengths. All data were collected during similar time 
of day using the most sophisticated method of hormone assay available (LC-MS/MS). To our 
knowledge, this was the first study of its kind to investigate juvenile boys’ salivary steroid 
hormone responses to dyadic competition. Four different hormone measures were 
simultaneously assessed across pre- and post-match conditions while controlling for BMI and 
pubertal development. This is also the first study to collectively identify consistent adrenal 
hormone correlations between pre-match androstenedione and pre-match cortisol, as well as 
competition-induced highly significantly positive correlations among androstenedione and 
cortisol change during dyadic competition, which provides a complement to our previous work 
that found similar results among Hong Kongese juveniles (McHale et al. under review-a,b), 
raising new areas of exploration for future behavioral endocrine field research on children.  
 This study was subject to limitations. The sample size of 22 participants and short 
duration of match play may have constrained our ability to detect changes in DHEA and 
androstenedione. Anticipatory rises in steroid hormones have been consistently identified to 
occur for cortisol and testosterone in the adult human competition literature (Geniole et al. 2017). 
However, no baseline hormone measures were collected on a non-competition day as a baseline 
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control measure. A dyadic exhibition against known competitors in a familiar school setting may 
have muted potential HPA axis activation. Future behavioral endocrinology and competition 
research on children would benefit by incorporating measures of participants’ mood and status 
into the overall analyses and designing a competitive setting that lasts longer than 15 minutes 
among boys and girls. Further, collecting baseline hormone measures as a control on a day where 
no competition is scheduled would allow researchers to detect possibly anticipatory rises that 
may be specific to the juvenile period of development given that this age group is characterized 
by low measures of testosterone. Dyadic competition against unknown competitors in a more 
meaningful competitive context, in front of spectators, such as a regional tournament, would 
provide a complementary experimental design to assess HPA axis activity and provide a more 
nuanced approach to understanding the functional roles of cortisol, androstenedione, and DHEA 
release in the context of adrenarche.  
   
4.7. Conclusion 
This study revealed that cortisol and cortisol/DHEA molar ratio rapidly decreased during 
a dyadic, moderately-physically taxing competition among a sample of ethnically Chinese 
juvenile boy table-tennis athletes, 8-11 years of age. Testosterone levels were low and 
unmeasurable. Correlational analyses indicated that competition-induced androstenedione and 
cortisol change, in addition to pre-match androstenedione and pre-match cortisol are positively 
correlated, consistent with previous reported findings among juvenile competitors (McHale et al. 
under review-a). Cumulatively, these findings show that juvenile boys respond differently to 
similar types of male-male competitive contests reported in the adult competition and hormone 
literature (Geniole et al. 2017) and raise new methodological considerations for future research 
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investigating the ontogeny of HPA axis activity, competitive behavior, and acute steroid 
hormone activation across the life course.  
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Table 4.1. Descriptive characteristics detailing age, BMI, PDS, salivary hormone concentrations, 
and molar ratios among boys 
Variables    
 Mean (SD)     Minimum Maximum 
Age (years) 9.72 (0.86)         8.10 11.10 
BMI (kg・m–2) 16.55 (2.63)         13.14 21.18 
PDS 1.50 (0.41)         1.00 2.20 
 
Hormone Concentrations (pg/mL unless noted otherwise) 
DHEA pre-match 73.62 (139.23)         8.55 667.50 
DHEA post-match 70.98 (109.37)         8.55 514.40 
∆DHEA -2.64 (46.46)        -153.10 108.90 
    
Androstenedione pre-match 13.02 (7.10)         3.70 30.70 
Androstenedione post-match 12.93 (4.76)         3.50 23.10 
∆Androstenedione -0.10 (4.42)        -8.60 8.80 
    
Cortisol pre-match  1050.00 (706.26) 200.00 2500.00 
Cortisol post-match  727.27 (460.00)* 200.00 1800.00 
∆Cortisol  -322.72 (569.82) -1400.00 1500.00 
 
Molar Ratios    
DHEA (nmol/L) pre-match 0.26 (0.48) 0.03 2.32 
DHEA (nmol/L) post-match 0.25 (0.38) 0.03 1.78 
Cortisol (nmol/L) pre-match 2.99 (1.95) 0.55 6.90 
Cortisol (nmol/L) post-match 2.00 (1.23)* 0.55 4.97 
Cortisol/DHEA molar ratio 
pre-match   22.83 (18.54) 2.50 83.69 
Cortisol/DHEA molar ratio 
post-match   19.58 (34.97) † 1.85 167.39 
 *p ≤ 0.002, † = 0.054 (approached significance) 
DHEA and cortisol/DHEA molar ratio analyses relied upon the Wilcoxon signed-rank sum test, 
while androstenedione and cortisol data employed paired samples t-test, to assess pre- and post-
match hormone change. For convention, means, minimum and maximum values are displayed 
for all participant data. Note: All DHEA and Cortisol/DHEA molar ratio data reflect N = 21; all 
androstenedione, cortisol, BMI, Age, and PDS values reflect N = 22. 
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Figure 4.1. Pre-match androstenedione and pre-match cortisol during a table-tennis exhibition, p 
= 0.010 (N = 22). The dark black line represents line of best fit. 
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Figure 4.2. Androstenedione change and cortisol change during a table-tennis exhibition, p = 
0.001 (N = 21). The thick black line represents line of best fit.  
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Figure 4.3. Pre-match and post-match mean cortisol change during a table-tennis exhibition, p = 
0.015 (N = 22). 
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CHAPTER 5 
 
The concluding chapter summarizes and interprets key findings gleaned from the 
hormone and competition studies in Hong Kong with respect to physical and non-physical 
coalitional competition and moderately-physical dyadic competition. These findings highlight 
the importance of moving beyond traditional hormone and competition studies involving 
primarily adult and adolescent males, measures of testosterone and cortisol only, to advocate for 
simultaneous measures of salivary testosterone, estradiol, DHEA, androstenedione, and cortisol 
during middle childhood, adolescents, and adulthood for both sexes. Further, the evolutionary 
implications of these findings are discussed within a proximate hormone model and life history 
framework. Continued research in this area will provide a more complete understanding of the 
ontogeny of social competition from a physiological and developmental perspective. 
Interpretations of HPA axis activity and corresponding interplay between pre-competition and 
competition induced steroid hormone changes, along with contextual factors, are discussed 
within a life history and adaptive physiological framework. Theoretical implications from all 
three studies are discussed along with future research directions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 130 
CHAPTER 5: DISCUSSION AND CONCLUSION 
 
5.1. Overview 
The research presented here was conducted to assess the dynamics of juvenile 
competition and acute salivary testosterone, estradiol, DHEA, androstenedione, and cortisol 
responses across three different competitive domains: 1) physically-taxing male-male coalitional 
competitions, 2) non-physical mixed-sex competitions, and 3) moderately physical, dyadic, 
male-male competitions. The most accurate and sophisticated method available was utilized for 
hormone assay determination in all three studies (Handelsman et al. 2013; Büttler et al. 2015). It 
was hypothesized that juvenile adrenal hormones would be sensitive to physical and non-
physical forms of competition and that contextual factors would predictably attenuate or magnify 
their responses, while testosterone and estradiol would be generally low and unmeasurable. The 
key findings presented here generally support the hypotheses and are situated within a life 
history theory and behavioral endocrinological framework. Exploratory relationships among 
DHEA, androstenedione, and cortisol consistently demonstrated relationships among pre-match 
and competition-induced adrenal hormone changes. These data provide novel insight into the 
ontogeny of juvenile social competition, steroid hormones, and contextual factors that moderate 
hormone changes in an urban population of ethnically Chinese, Hong Kongese boys and girls, 
aged 8-11 years.  
 
5.1.2. Soccer Match and Intra-Squad Soccer Competitions 
The first study tested pre- and post-match salivary testosterone, DHEA, androstenedione, 
and cortisol during soccer match play against unknown competitors (out-group treatment) and an 
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intra-squad scrimmage against peers (in-group treatment) in a large sample of Hong Kongese 
juvenile boys. A major theoretical basis for this research design is that natural selection 
promoted male coalitional psychologies that are sensitive and attuned to male competitor types 
during intra- and inter-group physical competitions. From an ontogenetic and physiological 
standpoint, it is unclear whether juvenile boys exhibit differential salivary steroid hormone 
response when competing against in-group and out-group competitors during coalitional physical 
competition or the extent to which steroid hormones are sensitive to physical competition and 
contextual factors more generally. The study design engineered exhibition soccer matches 
between Sha Tin and Tai Po boys and compared these results to intra-squad scrimmage 
exhibitions in which participants played against their own teammates. By creating two exhibition 
treatments the study design benefited by ensuring both samples of participants had the relative 
same incentive to win. In other words, one of the strengths of this design was that the match 
treatment was not played during a regularly scheduled season which could have further 
incentivized participants to exert greater effort in comparison to the instar-squad scrimmage 
treatment.  
The findings suggest that androstenedione and cortisol release are influenced by 
competitor type, such that androstenedione and cortisol increased only during match play (out-
group competition). Additionally, the presence of more spectators during the match treatments 
may have contributed to differential responses, such that sensitivity to perform well in front of 
spectators during status enhancing activities like sport may have induced a greater motivation to 
perform during match play in comparison to the instrasquad scrimmage. However, the latter 
assumption is speculative and needs to be investigated and controlled for in future studies. 
Additional research in this vein would also benefit from incorporating measures of motivation 
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utilizing a similar mixed-methods approach for assessing overall HPA axis activity among 
juveniles.  
Testosterone was generally low and unmeasurable during both treatments. DHEA 
significantly increased across both in-group and out-group treatments, likely as a consequence of 
physical exertion related to energetic demands. DHEA and cortisol changes were unrelated to 
outcome of the contest, treatment, and self-reported individual performance.  
The findings presented here are consistent with my previous work among a small sample 
of U.S.A. soccer players (McHale et al. 2016) where acute hormone changes were assessed 
across a regularly scheduled, mid-season soccer match (N = 26) and a soccer training (N = 28). 
Androstenedione significantly increased in both U.S.A. and Hong Kong juvenile children during 
soccer match play only, where competitors faced an unknown team of opponents (out-group 
competition). For Hong Kongese boys, cortisol increased for the majority of participants during 
match play and cortisol and cortisol/DHEA molar ratio decreased for the majority of participants 
during the intra-squad scrimmage (in-group competition). Similarly, the majority of U.S.A. boy 
participants experienced cortisol and cortisol/DHEA molar ratio decreases during soccer 
trainings with peers and cortisol increases during match play in the majority of participants. 
However, the latter cortisol findings were not statistically significant in this U.S.A. training 
sample likely due to the small sample size. Despite an intra-squad scrimmage (Hong Kong) and 
soccer practice (U.S.A) representing different athletic competitive contexts, it is worth noting 
that they share important commonalities: a soccer intra-squad scrimmage and soccer training (i.e. 
practice) involve coordinated team competitive activities involving peers in the presence of only 
a few numbers of spectators. Thus, a lower competitive psychological state overall is likely 
evoked in participants in both contexts, and is likely why we observed similar patterned 
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decreases in cortisol and cortisol/DHEA molar ratio. The only other known study investigating 
juvenile hormone responses to competition found that girls’ cortisol increased in a small sample 
of girls playing basketball against unknown opponents (Mazdarani et al. 2016). Cumulatively, 
the data presented here, in light of previous reported findings, provide the first cross-cultural 
evidence that juvenile boys’ androstenedione and cortisol responses predictably vary across 
competitive contexts involving peers versus unknown competitors during athletic team 
competition. Investigating the extent to which competitor type, audience effects, age, and an 
individual’s competitive drive (i.e., motivation to win) influence the degree of androstenedione 
and cortisol change would provide important insight for future research.  
This study adds to a small but growing body of literature that has investigated in-group 
and out-group effects of competition on acute steroid hormone changes (e.g., Flinn et al. 2012; 
Oxford et al. 2010). In men, testosterone has been found to be more responsive to out-group 
competition (Flinn et al. 2012; Oxford et al. 2010). No published studies have examined if 
females exhibit similar patterned physiological changes in response to in- and out-group 
coalitional competitions. However, a large body of cognitive psychology literature has identified 
that adults and juvenile children favor members of their own in-group (i.e. family, friends, peers) 
and discriminate against unfamiliar out-group members (e.g., Abrams et al. 2003). Buttelmann & 
Böhm (2014) observed that 6 year olds exhibit inter-group discrimination that became stronger 
with age in 8-year-old juveniles. Our findings lend complimentary support that a potential link 
between maturing juvenile boys’ salivary androstenedione acute increases are directly related to 
out-group competition. Androstenedione release during middle childhood may exert a 
functionally equivalent relationship compared to adult males’ heightened testosterone responses 
during out-group competition (e.g., Flinn et al. 2012; Oxford et al. 2010; Wagner et al., 2002).  
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Further, we identified that androstenedione change was positively related to age during 
the soccer competitions. This finding may be due to older juvenile boys’ higher pre-match 
concentrations of androstenedione, or reflect emergent HPA axis sensitivities to out-group 
competitors as boys mature, or a cumulative effect of both factors. Given that these findings 
were correlational and the paucity of data available, no causal interpretations can be made at this 
time. However, the cognitive psychology literature may offer a window to gain further insight 
into the ontogeny of in-group favoritism and out-group discrimination and the relationship with 
acute adrenal hormone release during middle childhood. These data presented here provide 
further evidence that preferences discriminating against out-group membership emerge during 
childhood and provide the first evidence that they likely moderate the magnitude and type of 
endocrinological response across age, life history stage, and under different psychosocial 
stressors related to competition. In comparison to adults, a wide literature has identified that in 
humans and across taxa the hypothalamic–pituitary–gonadal (HPG) axis is largely responsible 
for proposed increases in testosterone and aggression that coincide with puberty, reproductive 
effort, and competition (e.g., Archer 2006).  
Consistent with the concept of evolutionary tradeoffs, juvenile boys may have evolved a 
functionally distinct hormone pathway to mediate competitive social behavior prior to puberty, 
where aggression is a likely component during a time of greater independence and intense social 
learning. In effect, boys (as well as girls) would conceivably benefit from avoiding the energetic 
and immunosuppressive costs of maintaining high testosterone levels at a life history stage when 
reproduction is of no consequence, and yet they are faced with differing socially competitive 
challenges in preparation for adolescence and adulthood. Despite having low testosterone levels, 
the data presented in the soccer study in Hong Kong and in U.S.A. (McHale et al., 2016) support 
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the view that boys’ cognitive biases against out-group competition likely play some role in 
influencing acute androstenedione and cortisol rise. Surprisingly, there are no published studies 
that have investigated in-group versus out-group effects of physical coalitional athletic 
competition on testosterone, DHEA, androstenedione, and cortisol among adult males, females, 
or in children. Future work would benefit by incorporating cognitive psychological measures of 
mood, motivation, and participants’ appraisal of out-group versus in-group competition as a 
compliment to baseline and acute salivary steroid hormone measures. Further, researchers 
utilizing a similar methodological approach as the soccer study should ensure that the presence 
of spectators is an independent variable worthy of further consideration. These steps would 
provide important methodological consideration testing the degree to which competitor type, 
spectator presence/absence, or a combination of both are responsible for promoting differences 
in HPA axis reactivity during juvenile physical competition.  
 
5.1.3. Math Competitions 
 The second study investigated boys’ and girls’ salivary steroid hormone responses to a 
mixed-sex, team, math competition. Despite empirical evidence that suggests males have a 
stronger penchant for competition and physical aggression (e.g., Archer 2006; Clutton-Brock & 
Huchard 2013), female inter- and intra-group competition traditionally has been 
underappreciated because it tends to be less overt, less physical, and more social (e.g. social 
isolation) in comparison to males (Stockley & Campbell 2013). Thus, a non-physical academic 
competitive paradigm is more indicative of actual juvenile social competition. This experimental 
design controlled for physical exertion effects that are associated with steroid hormone changes, 
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while simultaneously assessing pre- and post-match salivary steroid hormones in both sexes 
(e.g., Collomp et al., 2015).  
Results revealed that testosterone and estradiol were generally below the sensitivity of the 
assay, cortisol and cortisol/DHEA molar ratio significantly decreased and androstenedione and 
DHEA did not significantly change. DHEA change was related to class team rank and for active 
competitors, performance measures (e.g., number of correct responses) predicted DHEA change 
and androstenedione change, but not cortisol change. These data provide novel evidence that 
DHEA and androstenedione are moderated by psychosocial variables in both boys and girls 
during non-physical competition, independent of physical exertion effects. Overall, boys and 
girls experienced similar patterned hormone changes during the math team competition, raising 
questions as to whether sex differences related to physiological responses and behavior and to 
competition emerge after pubertal development. 
One of the limitations of this study was that a large number of participants failed to 
attempt to answer at least one question. Therefore, a study design in which all competitors are 
required to participate in a non-physical meaningful competition would eliminate this potential 
confound.  
In addition, several plausible interpretations of the null findings of DHEA and 
androstenedione change are presented here: 1) when comparing hormone responses of physical 
(e.g., soccer) and non-physical competition, physical competition tends to promote greater 
degrees of hormone change, likely due to additive effects related to social and physical stressors 
(e.g., Archer 2006), 2) the small sample size of competitors who actually participated greatly 
reduced statistical power for detecting subtle steroid hormone changes that are indicative of non-
physical competition studies, and finally, 3) the math competition was played among peers, 
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where greater familiarity of competitor has been related to reduced acute steroid hormone change 
(e.g., Flinn et al. 2012; McHale et al. 2016). Similar to the findings observed in the Hong Kong 
and U.S.A. soccer studies among juveniles, competition against peers tends to limit 
androstenedione competition change, and promote decreases in cortisol and cortisol/DHEA 
molar ratio (McHale et al. 2016; McHale et al. under review-a). Future work should incorporate 
non-physical forms of competitions against unknown competitors (out-group) in a meaningful 
competitive environment, such as a regional and international math Olympiad, with the presence 
of spectators, to further assess potential relationships between salivary steroid hormone 
responses and competition in juveniles in naturalistic experimental settings.  
 
5.1.4. Table-tennis Competitions 
 The last study extended upon the previous two lines of coalitional competition inquiry by 
investigating a moderately-physical, dyadic, male-male competition among a relatively small 
sample of table-tennis juvenile athletes. Consistent with previously reported findings in the two 
other studies involving peer competition, table-tennis participants experienced significant 
decreases in cortisol and cortisol/DHEA molar ratio. DHEA and androstenedione did not 
significantly change, similar to the math competition findings, while testosterone was below 
detection in all cases. There was no evidence that hormone measures were related to any of the 
independent variable measures: performance, wins/losses, or degree of competitive match. It is 
very likely that we are only capturing part of the full picture as it relates to acute HPA axis 
activation in the context of dyadic competition given the low sample size (N = 22) and short 
duration of competitive play (~15 minutes). A natural extension of this research would include 
longer durations of dyadic competition, in front of spectators, during a local or regional table-
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tennis tournament. In addition, salivary steroid hormone responses to dyadic competition 
involving girls should also be explored involving peers and unknown competitors. 
 Lastly, in the table-tennis study, in addition to the soccer and math competition studies, 
several consistent and novel relationships among baseline DHEA, androstenedione, and cortisol, 
and competition induced hormone change emerged. These findings offer new areas of 
exploration regarding identifying overall HPA axis activity as best understood across several 
indices of bioactivity of the adrenal gland. 
 
5.2. Theoretical and Evolutionary Significance  
 Humans evolved as social primates for whom cognitive processes elicit physiological 
responses to social stimuli. Many aspects of human social behavior today are linked to adaptive 
acute hormone responses. For example, the human fight-or-flight response is traditionally 
viewed as a survival mechanism retained and shaped by selection pressures arising from 
ancestral hominin environments promoting acute, rather than chronic, elevation of steroid 
hormones like cortisol and testosterone. Elevated chronic levels of steroid hormones are linked 
with increased depression, mental illness, and decreased life expectancy (e.g., Heinze et al. 2016; 
Yeap et al. 2013). Today, short-term changes in steroid hormones during human social 
challenges, such as competition, can increase testosterone and cortisol release among adults (e.g. 
Geniole et al. 2017). Yet, very little is known about how the developing child mediates social 
challenges prior to puberty from a behavioral endocrinological perspective and to what extent 
environment (e.g., socioeconomic status, pathogen load, nutritional status, uterine stress, etc.), 
culture (e.g. social norms, status), and experience potentially calibrate and refine acute HPA axis 
activity. The data presented in the doctoral dissertation raise questions concerning 1) how 
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juvenile physiology is calibrated to mediate social challenges during a critical stage of 
development, 2) what benefits juvenile competitors receive by sort-term changes in DHEA, 
androstenedione, and cortisol, 3) why the timing of adrenal maturation (adrenarche) coincides 
with the juvenile transition, and 4) what the pleiotropic effects of DHEA, androstenedione, and 
cortisol in the context of juvenile behavior which may be. Providing answers to these questions 
will ultimately glean deeper insight into the ontogeny of social competition more broadly. 
Additionally, understanding the psychosocial contextual factors that emerge prior to adolescence 
and likely underpin acute steroid hormone changes, such as in-group versus out-group biases, 
individual performance, and spectator effects would be of relevance to evolutionary theorists, 
psychologists, and endocrinologists, providing an interdisciplinary, multi-tiered approach for 
understanding HPA axis activity and behavior across the life course. 
 The results on Hong Kongese juvenile steroid hormone responses to competition revealed 
that adrenal hormone responses to coalitional physical competition, non-physical coalitional 
competition, and dyadic competition, are not uniform, despite parallels in cortisol and 
cortisol/DHEA molar ratio changes and correlations between pre-competition and competition-
induced changes. Also, these data provide strong support that acute hormone changes differ 
when compared to the adult hormone and competition literature, where testosterone typically is 
sensitive to both athletic and non-athletic forms of competition (e.g., Casto & Edwards 2016; 
Geniole et al. 2017). Further, they provide a cross-cultural scope identifying that both 
industrialized urban populations of Western and non-Western juvenile boys experience similar 
patterned acute steroid hormone responses during physical coalitional competition (McHale et 
al., 2016; McHale et al. under review-a). 
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Next, androstenedione and DHEA increases were observed in Hong Kongese boys only 
during the soccer match competition. Androstenedione increase likely reflects cognitive 
appraisal differences related to competitor type, spectator effects, and motivation to perform well 
during a more meaningful competition. DHEA increased during both soccer match and intra-
squad scrimmage treatments potentially as the result of physical stress demands of competition 
and/or cognitive sensitivity to coalitional competition more generally. Further, during the non-
physical math competition, DHEA and androstenedione change were significantly related to 
measures of team and individual performance suggesting that a cognitive component is also 
associated respective adrenal hormone changes. These results confirm that Hong Kongese acute 
steroid hormone responses differ across competitive domains and are context dependent.  
Boys and girls did exhibit similar patterned adrenal hormone response to non-physical 
math competition. This finding is preliminary given that it is the first study of its kind but 
nonetheless it is of interest given known sex-differences in play patterned behavior intensify 
during juvenility. For example, boys and non-human primates are more likely to engage in 
higher rates of rough-and-tumble play while girls exhibit a preference for play parenting and 
dyadic social relationships (e.g., Fry 2014; Geary 2010; LaFreniere 2011; Whiting & Edwards 
1973). Further behavioral endocrinology and competition research should investigate whether 
girls’ HPA axis activity during coalitional physical competition (e.g., soccer), and dyadic 
moderately-physical competition, exert similar acute rises in adrenal hormones and sensitivities 
to contextual factors (in-group versus out-group competitors) which have been identified in both 
U.S.A. and Hong Kongese boy populations (McHale et al. 2016; McHale et al. under review-a). 
Perhaps both boys and girls evolved functionally similar endocrine responses to social 
competition during middle childhood given that both sexes undergo adrenarche around the same 
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biological age cross-culturally, are not in the reproductive state, have yet to undergo puberty, and 
have relatively similar hormone profiles at this stage of development (e.g. DHEA and 
androstenedione concentrations). Adult women and men have been observed to exhibit similar 
acute rises during coalitional physical competition (Casto & Edwards 2016b; Edwards & Casto 
2013) despite differences in baseline values of testosterone.  
It isn’t until puberty differences in male testosterone and female estrogen levels emerge, 
hormones which are thought to influence aggression respectively. It has been suggested that boys 
and girls are oriented to be attracted to and participate more in sex-specific patterned behaviors 
due to masculinaization and feminization effects of sex steroids in utero (Gray et al. 2017). Thus, 
it is conceivable that children evolved similar HPA axis responses when confronted with social 
competitive challenges and yet boys’ and girls’ brains are primed to be oriented towards sex-
specific patterned behaviors that map onto sex differences observed in adulthood. In order to test 
these hypothesis, future hormone and competition research should target small-scale and 
industrial societies, mixed-sex play groups that are more indicative of ancestral living conditions, 
and provide simultaneous measures of participant observation and hormone changes.  
Life history theory posits that organisms are constrained with finite energy budgets 
involving critical trade-offs with respect to growth, maintenance, mating effort, current versus 
future reproduction, and development (Kaplan et al. 2000). Evidence among male song sparrows 
and Siberian hamsters identified that alternative hormone mechanisms involving DHEA and 
androstenedione may mediate territorial aggression during the non-reproductive seasons when 
testosterone levels are low (Pradhan et al. 2010; Scotti et al. 2008). Similar energy efficient 
physiological mechanisms may have evolved in Homo sapiens due to life history tradeoffs and 
convergent evolutionary processes that are specific for middle childhood. Considerations for this 
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perspective could enrich ongoing discussion for interpreting a protracted juvenile period of 
development in humans as it relates to increases in baseline adrenal hormones, and acute rises of 
DHEA and androstenedione in the context of competition. These speculations raise further 
questions concerning the pleotropic effects of adrenal hormones related to overall childhood 
developmental plasticity involving neural activation and pruning, sensory and motor 
coordination, cognition and competitive behavior (Figure 5.1), where play is likely an essential 
adaptive component necessary to refine complex motor and psychological competencies related 
to social and physical activities in dyadic and coalitional social contexts. Future work 
investigating acute steroid hormones among closely related juvenile great apes, which also 
exhibit characteristics of adrenarche (e.g. chimpanzees, bonobos, gorillas, and orangutans), 
during antagonistic and competitive contests, would potentially bridge phylogenetic relationships 
as they relate to the evolution of human physiological and cognitive processes involved in 
mediating antagonistic behavior (Behringer et al. 2012; Bernstein et al. 2012; Bernstein 2017; 
Conley et al. 2011; Prall et al. 2015).   
 
Figure 5.1. Proposed critical periods of human brain growth and plasticity. Adapted from 
Hensch (2005). 
 
 
5.2.1. Alternative Hormone Models Mediating Competitive Behavior and Aggression  
 
 143 
  Aggression is a broad term for complex social behaviors that are intended to inflict harm 
to another conspecific or group of conspecifics (Nelson & Trainor 2007). In humans, men 
engage in higher rates of physical aggression while female aggression tends to be less physical, 
more verbal, and more social in comparison (Archer 2006; Stockley & Campbell 2013). 
Aggressive tendencies have evolved as adaptations across variable competitive contexts in 
tandem with proximate hormone mechanisms. The adult human competition literature has 
identified gonadal testosterone and estradiol as leading biological candidates responsible for 
influencing aggressive behavior in adult men and women respectively (Aizawa et al. 2006; 
Archer 2006; Carré & Olmstead 2015; Stockley & Campbell 2013).  
The ‘Challenge Hypothesis’ and the ‘Biosocial Model of Status’ are two complementary 
theoretical models that have been adopted from the animal literature to account for the highly 
flexible endocrine system that is capable of modulating testosterone concentrations in response 
to changes in social competitive environments among adult males (Wingfield et al. 2001; Mazur 
& Booth 1998). The ‘Challenge Hypothesis’ theorizes that acute increases in testosterone during 
male-male competition enhance performance while limiting energetic costs and decreased 
immunocompetence as the result of maintaining high levels of testosterone. The ‘Biosocial 
Model of Status’ posits that testosterone concentrations will vary as a function of the outcome of 
the competitive contest, where competitors will experience increases in testosterone after a win 
and decreases following a loss. Additional evidence has also suggested a causal relationship 
exists between testosterone concentration and future aggression in animal and human models 
(e.g. Carré et al. 2009; Trainor et al., 2004). Carré and colleagues (2009) observed that 
testosterone concentrations after a competitive interaction predicted future reactive aggression, 
but this effect was not found for women. Specifically, following a win reactive aggression was 
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more elevated in high dominance men who also had higher testosterone. The authors speculate 
that one interpretation is that dominant males seek to maintain control over social situations and 
events, in which a combination of high dominance and elevated testosterone may serve to 
promote aggressive behavior aimed at maintaining high social status. Overall, much less work 
has explored women’s steroid hormone dynamics during competition (Casto & Prasad, 2017).  
Despite these consistent findings among adult humans, very little research has 
investigated acute steroid hormone responses to competition. As a result, no theoretical models 
have been put forth to describe potential biosocial underpinnings of acute endocrine shifts and 
competitive behaviors during social challenges specific for middle childhood. The 
aforementioned models raise intrigue regarding whether acute DHEA and androstenedione 
fluctuation during competition afford similar energetic and immunocompetance benefits when 
testosterone and estradiol concentrations are low (i.e. ‘Challenge Hypothesis’). In line with the 
‘Biosocial Model of Status,’ it is worth investigating whether DHEA and androstenedione 
concentrations in winners who exhibit high status/dominance would predict subsequent 
aggressive behavior in juvenile children and whether this persists into aduldhood. According the 
‘Social Intelligence Hypothesis,’ juvenility is a time to prepare and practice for the adaptive 
challenges one would expect to face in adulthood (Flinn & Ward, 2005). Therefore, I would 
hypothesize that similar links between steroid hormone concentrations (e.g. DHEA and 
androstendione) and subsequent aggression in children should emerge prior to adolescence and 
adulthood in order to set the stage for downstream competitive behavior.  
Based on the comparative animal literature, and the results presented in the dissertation 
manuscript, it is likely humans evolved alternative hormone pathways that shift across the life 
course. Specifically, alternative steroid hormones may be responsible for mediating competitive 
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social challenges during juvenile development and these effects could have long term 
consequences in shaping the reward centers of the brain during social competition in the form of 
play. Steroid hormones, androgens (e.g. testosterone) and estrogens (e.g. estradiol), have been 
shown to exhibit both organizational and activational effects on aggression across many taxa, 
with a number of notable exceptions (Nelson & Trainor 2007; Trainor et al. 2006). For example, 
castration results in low levels of testosterone and yet does not reduce aggression in adult male 
prairie voles (Mirotus ochrogaster) (Demas et al. 1999). Further, in several seasonally breeding 
species gonadal testosterone is not associated with aggression during the non-breeding season. In 
male song sparrows (Melospiza melodia) and in Siberian hamsters (Phodopus sungorus), the 
gonads become regressed and testosterone levels plummet during the non-breeding season, yet 
these species remain territorially aggressive (Pradhan et al 2010; Scotti et al. 2008). Alternative 
hormone mechanisms have thus been proposed as alternative pathways to regulate aggressive 
behavior when gonadal steroid production levels are low, which may be of relevance for 
interpreting juvenile salivary steroid responses to competition and across the human lifespan 
(Figure 5.2.).  
In male song sparrows, for instance, rapid DHEA and androstenedione local synthesis has 
been identified following antagonistic encounters in the telencephalon, an area of the brain 
homologous with the amygdala in humans (Pradhan et al. 2010). Similarly, high circulating 
levels of DHEA in Siberian hamsters have been identified during the nonbreeding season, which 
suggests they it may be an important regulator of aggression by serving as a precursor for the 
conversion of androstenedione (Scottie et al 2008). Additionally, high serum DHEA levels in 
Syrian hamsters are reduced by adrenalectomy, this effect does not occur following an 
gonadectomy, suggesting that the adrenal gland is responsible for production of a large portion 
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of DHEA. Lastly, in Siberian hamsters and in adult mice, adrenalectomy is linked to reduction in 
aggression, further providing evidence that adrenal hormones have important regulatory affects 
in rodents (Demas & Jasnow 2004; Paterson & Vickers 1981). These findings raise insight in 
interpreting pleiotropic functional roles of acute DHEA and androstenedione fluctuations in 
middle childhood that have yet to be fully explored in the context of competition, where 
aggression is a likely component, and which would have relevance for understanding the timing 
of adrenarche from a life history perspective.     
 
 
Figure 5.2. Alternative pathways by which sex steroid could affect aggression. (A) Gonadal 
testosterone (T) acts directly on the brain. (B) Gonadal T is converted locally to estradiol (E2), 
(C) adrenal DHEA is converted locally to androstenedione and then to T and/or E2. (D) T and E2 
are produced locally de novo from cholesterol and pregnenolone (neurosteroids). Modified from 
Demas et al. 2007. 
 
In rodent models studies have shown that cortisol concentrations have powerful 
downstream effects on the development of aggression across the life course, which may be of 
relevance in the evolution of childhood development as well. For example, juvenile Syrian 
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hamsters that experienced repeated social defeat by an adult experienced a daily increase in 
cortisol and displayed an accelerated transition from play fighting to adult-like aggression 
(Wommack, J. C., & Delville 2003). Consistent with these findings, longitudinal research on 
children with aggressive antisocial behavior reveals that individuals with conduct disorder have 
lower resting levels of cortisol than controls (Shoal et al. 2003) and glucocorticoid deficiency has 
also been linked to psychopathological violence (Holi et al. 2006). Despite these parallels, it 
remains unclear how acute HPA axis activity or disruption in the normal stress response is 
related to the development of aggressive impulses from childhood to adulthood. Nonetheless, 
these cumulative results offer compelling support that glucocorticoids likely serve an 
underappreciated role shaping aggressive behavior.  
 
5.3. Conclusion 
 
Within a life history theory perspective, these studies sought to expand upon the paucity 
of literature investigating juvenile children’s acute salivary steroid hormone responses to athletic 
and non-athletic forms of competition. This research reports that the HPA axis reacts 
differentially across physically-taxing coalitional competition in comparison to non-physical 
coalitional and dyadic competitions among a sample of ethnically Chinese, Hong Kongese boys 
and girls, aged 8 – 11 years. These data provide foundational insight into salivary steroid 
hormone responses to competition during middle childhood and contextual factors that influence 
acute hormone changes. Previous research largely focused on male-male competition and 
testosterone and cortisol change in Western populations, with a few studies investigating non-
Western populations’ testosterone responses to athletic competition (e.g., Trumble et al. 2012). 
The findings presented here identify that juvenile children exhibit a different patterned steroid 
hormone response when confronted with similar bouts of antagonistic interactions that have been 
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observed to increase testosterone among adult males and estradiol in adult females (e.g., Aizawa 
et al. 2006; Archer 2006). While the function of adrenarche remains poorly understood, these 
data help situate possible pleotropic effects of adrenal hormones that would potentially benefit 
the developing child as it enters a wider social and competitive world.  
These studies underscore the importance of moving beyond largely adult male, Western 
populations, and mainly testosterone and cortisol responses to competition, in an effort to 
broaden the behavioral endocrinology scope across life history stages and in closely related 
social species, such as the great apes. Simultaneous measures of testosterone, estradiol, DHEA, 
androstenedione, and cortisol in both boys, girls, across coalitional, physical, and non-physical 
competitive environments involving peers and out-group members is warranted. Additionally, an 
interdisciplinary approach incorporating robust cognitive psychological measures of mood, 
motivation, and participants’ appraisal of out-group versus in-group competition as a compliment 
to baseline and acute salivary steroid hormone measures would provide further insight into the 
probable relationships between psychological states driving acute HPA axis activity. Lastly, 
consistent pre-match and competition-induced hormone changes for DHEA, androstenedione and 
cortisol were observed across all three studies. Further exploration of the significance of these 
findings would provide a more complete understanding of the likely interplay of adrenal 
hormones have on regulating the HPA axis.  
In order to provide a richer understanding of the ontogeny of social competition from an 
evolutionary and physiological perspective, naturalistic, mixed-age and mixed-sex hormone and 
competition studies should be conducted involving small-scale foraging populations as a 
complement to traditional industrialized populations. Determining the precise timing and 
moderating factors that shape emergent patterns of behavioral and steroid hormone responses 
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during middle childhood, in the context of variable socio-competitive ecologies, is essential for 
providing a more complete understanding of childhood social development from ultimate and 
proximate perspectives.     
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